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PREFACE TO THE SECOND AMERICAN EDITION. 


In preparing the Second American Edition numer- 
ous changes and additions have been made; the 
material added to the text of the former edition has 
been carefully revised, and some parts entirely re- 
written; while the additions to the text will be found 
to embody all the recent advances made in experi- 
mental physiology. A number of néw cuts have been 
inserted in place of old and imperfect ones, and others 
added; the additions have, however, by a slight change 
in the typographical arrangement, been incorporated 
without increasing the bulk of the volume. 

The favor with which the First American Edition 
was received is practically shown by the exhaustion 
of a large edition within a year, and as now presented 
the Editor believes the value of the American Re- 
vision to be considerably enhanced and that it will 
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AMERICAN EDITOR'S PREFACE. 


Tue high reputation acquired, on both sides of the 
Atlantic, by Dr. Foster's “ Text-Book of Physiology” 
ax a lucid exposition of the science in its most modern 
aspect, has seemed to call for an edition more thor- 
oughly adapted to the wants of the American student. 
The plan of the author has presupposed an acquaint- 
ance with the details of physiological anatomy, such 
as the student is accustomed to look for in his trea- 
tises on physiology. The absence of these details 
has rendered many parts of the work vague, if not 
altogether incomprehensible, and has therefore proved 
a serious drawback to the usefulness of the book as an 
accompaniment to lectures on physiology as it is usu- 
ally taught in our schools, and this deficiency the editor 
has endeavored to supply by brief notes and the intro- 
duction of a large number of illustrations. 

The almost limitless amount of material accumu- 
lated by modern research has rendered difficult the 
task of selection and compression without exceeding 
the reasonable limits of a convenient text-book. In 
his selections the editor has been guided by his experi- 
ence in the wants of students, and has endeavored 
only to present, in the most concixe form, such facts as 
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would seem to be indispensable to a correct apprecia- 
tion of the structure and function of the important 
organs. In accomplishing this his additions have 
considerably exceeded his expectations, amounting 
to about one hundred and forty pages, including the 
illustrations, which have been increased in number 
from seventy-two to two hundred and fifty-nine, A 
number of brief notes on the physiological action of 
some of the important drugs have also been added. 
Tf he shall thus have succeeded in rendering this ad- 
mirable work better fitted for the wants of the Ameri- 
ean student, he will feel abundantly rewarded. 
Nothing has been omitted from the English edition, 
and all additions have been distinguished by insertions 


in brackets [ ]. , 


Puttapxnrnss, March, 1890. 


PREFACE TO THE SECOND EDITION. 


So short a time has passed since the appearance of 
the first edition that it has not seemed desirable to 
make any important changes. My previous decision 
not to introduce figures of instruments has been so 
generally disapproved, that I have waived my own 
judgment and inserted a number of illustrations, which 
T trust will be found to assist the reader, The areas of 
the cerebral convolutions, in spite of the difficulties 
surrounding the true interpretation of the phenomena 
resulting from their stimulation, are of such interest, 
especially to the medical profession, that I have intro- 
duced illustrative figures, for which IT have to thank 
the kindness of Dr. Ferrier. 

Otherwise my efforts have been chiefly directed to 
removing inaccuracies and obscurities, in the hope of 
rendering the work more worthy of the favor with 
which it has been received. It will be observed that the 
largest changes and additions occur in the small print. 

T have to thank Dr. Pye-Smith and other friends, as 
well as previously unknown correspondents, for their 
valuable suggestions; and I am, as before, greatly in- 
debted for the help given me by my former pupils, Mr, 
Dew Smith, Mr. Langley, and Mr. Lea. 

Taixrry Cou.eor, Cawnnipos, 

December, 1877. 








PREFACE TO THE THIRD EDITION. 


Tuz most important changes in the present edition 
are to be found in the section on muscle and nerve. I 
have rearranged this section altogether, hoping thereby 
to render this difficult subject more easy for the reader. 
are for the most 


The other changes, though numerous, 
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ing. By means of a continually occurring flux of its proto- 
plasmic substance, the amalba is enabled from moment to 
moment not only to change its form but also to shift its posi- 
tion. By flowing round the substances which it meets, it, in 
a way, swallows them; and having digested and absorbed 
such parts as ure suitable for food, ejects or rather flows away 
from the useless remnants,’ It thus lives, moyes, cats, grows, 
and after a time dics, haying been during its whole life hardly 
anything more than minute lump of protoplasm, Hence to 
the Physiologist it is of the greatest. interest, since in its life 
the problems of physiology are reduced to their simplest forms. 

‘ow the stiidy of an amerba, with the help of knowledge 
gained by the examination of more complex bodies, enables 
us fo state that the undifferentiated protoplasm of which its 
body is so largely composed possesses certain findamental 
Vital properties. 


1. It is contractile, There can be little doubt that the 
changes in the protoplasm of an amoeba which bring about its 


peculiar “amoeboid” movements, are identical in their funda- 
mental nature with those which occurring in a muscle cause 
u contraction: a muscular contraction is essentially a regular, 
an amiboid movement an irregular flow of protoplasm. The 
substance of the amaba may therefore be said to be con- 
tractile. 


2 It is irritable and automatic. When any disturbance, 
such as contact with a foreign body, is brought to bear on the 
amoba at rest, movements result. These are not passive 
movements, the effects of the push or pull of the disturbing 
body proportionate to the force employed to cause them, but 
active minifestations of the contractility of the protoplasm ; 
that is to say, the disturbing cause, or “stimulus,” sets froe a 
certain amount of energy previously latent in the protoplasm, 
and the energy set free takes on the form of movement. Any 
living matter which, when acted on by a stimulus, thus suffers 
an explosion of energy, is suid to be “irritable.” |The irrita- 
bility may, as in the ameba, lead to movement; but in some 
eases no movement follows the application of the stimulus to 
irritable matter, the energy set free by the explosion ta 
on some other form than movement, ex gr., heat. ‘Thus a sub- 
stance may be irritable and yet not contractile, though con~ 
tractility is a yery common manifestation of irritability. 


! Huxley and Martin, Elementary Biology, lesson ifi. 
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into bodies possessing less, ‘Thus the metabolic changes which 
the food (as distinguished from the undigested stuff mechan- 
ically | for awhile in the body) undergoes in passing 
through the protoplasm of the ameba are of three clisses: 
those preparatory to and culminating in the conversion of the 
food into protoplasm, those concerned in the discharge of 
energy, and those tending to economize the immediate prod- 
ucts of the second class of changes by rendering them more 
or Iées useful in carrying out the first. z 


5. It is eset ‘Taken as 7 Lined the ssstariais 
are pre-eminently processes of oxidation. One article 
of food, é. ¢., one wihetatoe taken into the body, viz. oxygen, 
stands apart from all the rest, and one product of metabolism 
peculiarly associated with oxidation, viz., carbonic acid, stands 
also somewhat apart from all the rest. Hence the assumption 
of oxygen and the exeretion of carbonic neid, together with 
such of the metabolic processes as are more expecially oxida- 
tive, are frequently spoken of together as constituting the res- 
piratory processes, 


6. Tt is reproductive. Tho individual ammba represents a 
unit. This unit, after a longer or shorter life, having increased 
in size by the addition of new protoplasm in excess of that 
which it is continually using up, may, by fission (or by other 
mans), resolve itself into two (or more) parts, each of which 
is capable of living as a fresh unit or individual. 


Such are the fundamental vital qualities of the protoplasm 
of an ameba ; all the facts of the life of an ameba are mani- 
festations of these protoplasmic qualities in varied sequence 
and subordination. 

The higher animals, we learn from morphological studies, 
may be regarded as groups of amcb« peculiarly associated 
together. All the physiological phenomena of the higher ani- 
mals are similarly the results of these fundamental qualities 
of protoplasm peculiarly associated together. The dominant 
Foaeele of this ssociation is the livision of 
labor corresponding to the morphological differentiation of 
structure. Were a larger or “ higher” animal to consist sim- 
ply ofa colony of undifferentiated amahw, one animal differ- 

ig from another merely in the number of units making up 
the mass of its body, without any differences between the indi- 
vidual units, progress of function would be an impossib 
The accumulation of units would be a hindrance to we 
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the of reproducing itself, and the tissues generally are 
capable of regeneration in kind, But neither units nor tissues 
can ead other parts of the organism than themselves, 
much leas the entire organism, For the reproduction of the 
complex individual, certain units are set apart in the form of 
ovary and testis, In thes all the properties of protoplasm 
are distinctly subordinated to the work of growth. 

Lastly, there are certain groups of units, certain tissues, 
which are of use to the body of which they form a part, not 
by reason of their manifesting any of the feadariental quali- 
ties of asm, but on account of the physical and mechan- 
ical properties of certain substances which their protoplasm 
has able by virtue of its metabolism to min area and 
to deposit. Such tissues are bone, cartilage, connective tissue 
in large part, and the greater portion of the skin. 

We may, therefore, consider the complex body of a higher 
fnimal as compound of so many tissues, each tissue corre- 
5] ding to one of the fundamental qualities of protoplasm, to 

i development of which it is specially devoted by the di- 
vision of labor. Tt must, however, be remembered that there 

division of Iabor, In each and every 
tissue, in addition to its leading quality, there are more or less 
ronounced remnants of all the other protoplasmic qualities, 
Thus, though we may call one tissue par excellence metabolic, 
all the tissues are to greater or les extent metabolic. The 
y of each, whatever be its particular mode, hag its source 
in the breaking-up of the protoplasm. Chemical changes, in- 
cluding the assumption ‘of oxygen and the production, com- 
plete or partial, of carbonic acid, and, therefore, also enta’ 
4 certain amount of secretion and excretion, must take place 
in each and every tissue. And so with all the other funda- 
mental properties of protoplasm ; even contractility, which for 
obyious mechanical reasons is soonest reduced where not 
wanted, ix present in many other tissues besides muscle. And 
it need hardly be said that each tissue retains the power of 
saimilation. However thoroughly the material of food be 
age by digestion and subsequent metabolic action, the 
‘stages of its conversion into living protoplasm are effected 
directly and alone by the tissue of which itis about to form a part. 

Bearing this qualification in mind, we may draw up a phy 
idlogieal classification of the body into the following fund 
mental tissues: 


1. The eminently contractile; the muscles, 
a uid irritable and automatic; the nervous system. 
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struction of the primary tisues, and the energy is arranged 
for by the presence among these of oontrnetlle arid irritable 
matter, us to the fundamental tissues there is added, in 
the higher animals, a vascular bond in the shape of a mechan- 
ism of circulation, 

Tn the second place, no less important than the interchan, 
of muterial is the interchange of energy, In the amasba the 
irritable surface is physiologically continuous with the more 
internal protoplasm, while cach and part of the body 
has automatic powers In the higher animal, portions only 
of the skin remain as eminently irritable or sensitive struc- 
tures, while automatic actions are chiefly confined to 2 cen- 
tral mass of irritable nervous matter. Both forms of irritable 
nutter are separated by long tracts of indifferent material, 
from those contractile tissues through which they chiefly 
manifest the changes going on in themselves, Heats the 
necessity for long strands of eminently irritable tissue to 
connect the skin and contractile tissues as well with each 
other as with the automatic centres, Similar strands are 
also needed, though, perhaps, lees urgently, to connect the 
other tissues with these and with eachother. To the vaseular 
bond there must be added an irritable bond, along the strands 
of which impulses, set up by changes in one or another pie 
may travel in determinate courses for the regulation of the 
energy of distant spots. In other words, part of the irritable 
tissuce must be specially arranged to form a co-ordinating ner- 
vous system. 

Still further complications have yet to be considered. In 
the life of a minute homogeneous amoeba, possessing no spe- 
cial form or structure, there is little scope for purely mechan- 
ical operations. As however we trace out the gradual deyel- 
opment of the more complex animal forms, we see coming 
forward into greater and greater prominence the arrange- 
ment of the tissues in definite ways to secure mechanical ends. 
‘Thus the entire body scquires particular shapes, and parts of 
the body are built up into mechanisms, the actions of which 
are to the advantage of the individual. Into the composition 
of these mechanisms, or “organs,” the active fundamental tis- 
sues as well as the passive or indifferent tissues enter; and the 
working of each mechanism, the function of each organ, is de- 
pendent partly on the mechanical conditions offered by the 

ive elements, partly on the activity of the active elements. 

he vaseular mechanism, of which we haye just spol is 
such a mechanism, Similarly the urgent necessity for the 
access of oxygen to all parts of the body, has given rise to a 
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is 
ple irritability of the amaba and the complex 
vertebrate nervous system. Excepting the ner- 
tissues, the fundamental tieues have in 
same propertics, being, it ix true, more acute 
© than in another, but remaining funda- 
The See eres wees fibre of a 


i 
EFS 
a 


BE 
a 


of but slightly di tinted protoplasm, 
Ih lly continuous, and in no wa: 
anism, Each fibre is a counterpart of all 
the muscle of one animal differs from that of 
particulars only ax are wholly subordinate. 
nervous tienes of the higher animals, on the contrary, 
propertics unknown to those of the lower ones; and 
as we ascend the scale we observe an increasing 
itiation of the nervous system into unlike parts. Thus 
ve, whut does not exist in any other tiene, a mechanism 
nervous tisue itself, n central nervous mechanism of com- 
Structure and complex function, the complexi which 
not primarily to any mechonical arrangements of its 
Wit to the further differentiation of that fundamental 
of irritability and automatism, which belongs to all 
tinsties, and to all native protoplasm, 
the following pages 1 propose to consider the facts of 
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yslology very much according to the views which have been 
just sketched out. The fundamental properties of most of the 
elementary tissues will first be reviewed, and then the various 
Special mechanisms It will be found convenient to introduce 
early the secountof the vascular mechanisms, and of its nervous 
co-ordinating mechanism, while the mechanisms of respiration 
and alimentation will be best considered in connection with 
the respiratory and secretory tissues. The description of the 
purely motor mechanisms Will be brief; and, save in a few 
instances, confined to a statement of general principles, The 
special functions of the central nervous system, ineliglinis the 
senses, must of necessity be considered by themselves, ‘The 
tissues and mechanism of reproduction and the phenomena 
of the decay and death of the organism will naturally form 
the subject of the closing chapters. 





pa BLOOD. 


the great medium of exchange between all parts of the body. 
‘The receptive tissues pour into it the material which they 
have received from without, the excreting tissues withdraw 
from it the things which are no ate of any use, and the 
irritable, the contractile, and indeed all the tissues, seek in it 
the substances (including oxygen) which they need for. the 
manifestation of energy or for the storing up of differentiated 
material, and return to it the waste products resulting from 
their activity. All over the body everywhere there is so long 
as life lasts a double current, here rapid, there slow, of ma- 
terial from the blood to the tissues, and from the tissues to 
Bt ecsie lymph (whether in the lymph eanal 

witl whether in the lymph canals or in 
the interstices of the Bones), may, 13 Bernard has suggested, 
be as an internal medium bearing the same relations 
to the constituent tissues that the external medium, the world, 
does to the whole individual. Just as the whole organism 
lives on the things around it, its air and its food, so the several 
tissues live on the complex fluid by which they are all bathed, 
dl wich a to them their immediate ait and food. 

From this it follows, on the one hand, that the composition 
and characters of the blood must be forever varying in dif- 
ferent parts of the body and at different times; and, on the 
other hand, that the united action of all the tismes must tend 
to establish and maintain an ave uniform composition of 
the whole mass of blood. The special changes which blood is 
known to Baad while it passes through the several tissues 
will best be dealt with when the individual tissues and organs 
come under our consideration, At present it will be suffi- 
cient to study the main features, which are presented by 
blood, brought so to speak into a state of equilibrium by the 
common action of all the tissues. 

Of all these main features of blood, the most striking if 
not the mast important is the property it possesses of clotting 
or coagulating when shed. : 


Secriox L. Tae Coacunavios or Broop. 


Blood, when shed from the bloodvessels of a living body, 
is perfectly fluid, Inca short time it becomes viscid ; it flows 
lees readily from vessel to vessel. The viseidity increases 
rapidly until the whole mass of bloud under observation be- 
comes a complete jelly. The yeasel into which it has been 
shed can at this stage be inverted without a drop'of the blood 
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bei The jelly is of the same bulk as the previousl 
nid blood, pia ak removed presents Age on 
mould of the interior of the vewel. (Fig. 2) Lf the blood 


(Pro, 2. [Pra 3. 


LJ 


Bowl of revemly Conygelated Blood, Row! of Coagulated Rlood, after twelve 
showing the whole mam uniformly hoary, showing the cloc contracsed and float- 
solidified. After Daxtowil ing in the fluid serum. After Daxzow.] 


in Sais jolly ae be left untouched in a glass vessel, a few 
drops of an almost colorless fluid soon make their appearance 
on the surface of the jelly, Increasing in number, and ran- 
ning , the drops after awhile form a superficial layer 
of pale steaw-colored fluid. Later on, similar layers of the 
same fluid are seen at the ides, and finally at the bottom of 
the jelly, which, shrunk to a smaller size and of firmer con- 
sistency, now forms a clot or craseamentum, floating in a per- 
fect fluid serum. (Fig. 3.) The shrinking and condensation 
of the clot, and the corresponding increase of the serum con- 
tinue for some time, The w surface of the clot is gen- 
erally cupped. A portion of the clot examined under the 
Microscope is seen to consist of a feltwork of fine granular 
fibrils, in the meshes of which are entangled the red and 
white corpuscles of the blood. In the serum nothing can be 


tion of the blood or plasma into fibrin and 
5 lo’ by separation of the serum from the fibrin 


Tn man, blood when shed becomes viscid in about two or 
three minutes, and enters the jelly stage in about tive or ten 
minutes. After the lapse of another few minutes the first 
drops of serum are seen, and coagulation is general 
[ised in trom one to several hours. The times, how 

found to vary according to the condition of the individual, 
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the temperature of the air, and the size and form of the ves- 
sel into which the blood is shed. Among animuls the rapidity 
of coagalation 


varies exceedingly in different species, The 


Couglsted Fitri, showing its fiteillated condition, After Davrax.) 
blood of the horse coagulates with remarkable slowness; so 


tlowly, ind 
tectle 


surfixce of 


fy vont 
inflammatory conditions of the body. 

This bufly coat makes its appearance in horse's blood even 
at the ordinary temperature of the air. Lf a portion of 
horve’s blood be surrounded by a cooling mixture of ice and 
salt, and thus kept at about 0° C., coagulation may be almost 
indefinitely postponed. Under these circumstances a more 
complete descent of the corpuscles takes place, and a con- 
siderable quantity of colorless transparent plasma free from 
blood-corpascles may be obtained. A portion of this plasma 
removed from the freezing mixture clots exactly as docs the 
entire blood, It first becomes viscid and then forms a jelly, 
which aan separates into a colorless shrunken clot 
and serum, jis shows that the corpuscles are not an esen- 


tial part of the clot. 
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fibrin obtained in Pee are set from various sources, ex gr., by 
whi or by washing a -clot from venous or from arterial 
oul, these differences are unimportant. The characters are 
said to vary also in difforent animals, 


Coagulation then is brought about by the introduction into 
the blood-plasma of a substance, fibrine which previously did 
not exist Such a substance must have antece- 
dents, or an antecedent—what are they, or what is it? 

If blood be received direct from the bloodvessels into one- 
third its bulk ene secant polation of aces nears salt such 

i phate, and the two gently but thorought 

" lly at a moderately low eae 

will be deferred for a very longtime. If the mixture be 

stand, the Sicpuaiee will sink, and a colorless 

obtained similar to the plasma gained from 

cold, except that it contains an excess of the 

he presence of the neutral salt hay acted in 

the same direction as cold ; it has prevented the occurrence of 

It has not destroyed the fibrin, for if some of 

the plasma be diluted with ten times its bulk (or even a less 

juantity) of water, it will coagulate speedily in quite a normal 
Sukion with the production of quite xormal fibrin. 

Tf some of the colorless t plasma, obtained either 

the action of neutral salts from any blood, or by the help 

cold from horse’s blood, be treated with some solid neutral 

salt, = Kets sedium aes 10 sparen, a white flaky, 

somewl ‘¥ precipitate wi ¢ its appearance. If this 

precipi a Ee tnee the fluid is no lo as coagalable (or 

‘wry slightly so), even though the neutral salt present be re- 

moved by dialysis, or its influence lessened by dilution. With 

the removal of the substance precipitated, the plasma has lost 


its power of coagul . 

Tike oitneeiokt after being washed with a saturated 
solistion of the neutral salt (in which it is insoluble) so as to 
get rid of all serum and other constituents of the plasma, be 
treated with a mall quantity of water, it readily dissolves,’ 
ami the solution rapidly filtered gives a clear colorless filtrate, 
which is at first perfectly fluid. Soon, however, the fluidis 

ives way to viseidity, and this in turn to a jelly conditio 

the jelly shrinks into a clot floating ina clear flui 

* The sulstance Itself is nut soluble in distilled water, bat a quanti 
Of the central salts always elings to the prvcipitate, and thus the adili- 
them af water virtually gives rise to a dilute saline solution, in which — 
the wubstance is readily solable é 
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ing facts: 
known as hydrocele is characterized by the 
presence vaginalis (or serous suc of the testis) of 
an abnormal and often very considerable quantity of a clear, 


Jess, or faintly yellow fluid, very similar in appearance to 
the serum of clotted blood. This secretion, when drawn from 
the living body without admixture of blood, will in the great 
majority of cases remain pees fluid, and enterinto decom- 
penta without having shown any tendency erp to clot. 

a few exceptional cases a congulation, ly slight, but 
quite similar to that of colorless ont plasros, may be ob- 


Tf a small quantity of hydrocele fluid which has been ob- 
served not to clot spontaneously be mixed with some serum or 
whipped blood, the mixture will after a longer or shorter time 
clot ina eanucely normal manner. That is to say, two fluids, 

ither of which apart clot spontaneously, will clot spontane- 

when mixed together. (In some cases no clot is formed ; 
iy sos leiag e seed (Saad reer met with in 
ion cannot be thus laced.) 

Tf serum be treated to eaturation with solid soilium chloride 

ium sulphate, a flaky precipitate, very similar in 

to plasmine, will make ite appearance. 

this precipitate issuluble in very dilute neutral 

saline solutions, and in consequence as thus prepared readily 
disolves when treated with distilled water, since a certain 
amount of sodium chloride clings to it. Unlike plasmine, its 
filtered solution will not clot. If, however, come of the solu- 





of salt, cause clotting in hydro- 
presence of this constituent, not 


paraglobulin, or flbri- 
Tt may also be 
te ucetic acid to dilute 


, hydrocele fluid, ‘imens of which 
coagulate on the addition of serum or 
ited in the same way cither with carbonic 
chloride to saturation, a precipitate ix 
but more flaky and less granular in nature 
en towhich 

olved in dilute 


Ani , raglobulise, 
deprived uf its fibrinogen, have lost all 


late spontanests! 
af quite woraial Sie, Py 
te show that plasmine is a mixture of 

meres aod partedebalin; indeed, an artificial mixture of 


9 Bier Gorter detalles, tee Appendix. 
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the two latter, obtained from serum and hydrocele fluid re- 
spectively, would be undistinguishabls from the former ob- 
tained from plasma. It must, however, be remembered that 

in Peparating natural plasmine into 


2. Normal blood-plagma must naturally contain an ex- 
eess of paraglobulin, since after ion the serum still 
contains a considerable quantity of body. Yet even in 
blood-plasma, paraglobulin, under certain’ circu 


mstances, 
will favor coagulation. If three parts of plasma be mixed 
with one part of & solution of magnesium sulphate (one of 
the salt to three and « half of water), the mixture diluted 
with cight parts of water will afford a dilute plasma, in which 
#pontaneous coagulation will either not occur at all or come 
on slowly indeed. In this dilute Teens the paren nea 


is till in excess, Nevertheless the addition of a further quan- 
hid paraglobulin, prepared by saturation with sodium 

ide, will speedily cause coagulation. From this it may be 
inferred that in adding the paraglobulin thus prepared some- 
thing else is added as well. + 


3. If Moodserum or defibrinated blood be poured into 
about twenty times its bulk of strong spirit, and the mixture 
allowed to stand for some three weeks, or longer, all the 
aoge matters, including the lobulin, become coagu- 

and almost wholly insoluble in water, Hence if the 
‘spirit be filtered off from the copious precipitate, and the 
5 dried at a low lamipienssine'ttalow 40°) and extracted 





BWeowe he discovery of thbrinopinstin and fibrinogen to A. Schmidt, 
whose earlier papers will be found in Reichert and Da Bois-Reymont's 
iv, 1841, p. 645, and 1882, p.428. Schmidt's later results, which 
Miscussod in the succeeding portions of this section, aro contained 
re published in Pliers Arohiv, vi (1872), p. 418; xi (1875), 

and 516; xiii (1876), pp. 98 and 146. 
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with distilled icy the aqueous extract contains no palpable 
orien of proteid material and gives but slight reactions 

‘ith proteid teste, A small ouanlty of this aqueous extract 
of blood, however, though free from pacspabalins will when 
aided to the dilute plasma, se of above, bring about 
a rapid coagulation. 


4. If the pericardial cavity of a | mammal (ox, horse, 
sheep) be laid ‘Tree immediately after death, the fluid removed 
will congulat parsponianorely and rapidly. The clot will 
on coeaee found to consist of a meshwork of nor- 
mal fibrin in which are entangled a multitude of white 
corpuscles. If the opening of the body be deferred to some 

or more hours after death, the pericardial fluid will 
he found either not to coagulate at all or to coagulate very 
slowly and feebly. 

Wi ny however, paraglobulin prepared by the saturation 
method is added to such a pericardial fluid a rapid and com- 
plete coagulation is generally brought about. But precisely 
the same coagulation may in many cases be broug t abvut 
by the simple addition of the aqueous extract just described, 

ost pericardial fluids in fact behave extremely like the 
dilute plasma spoken of above. Moreover same specimens 
of hydrocele fluid will clot spontaneously on the addition of 
oa pate extract without any paraglobulin being added 
at 

Here then are indications of the existence of a substance 
which is neither Shrinoaen nor paraglobulin, but which ney- 
ertheless appears to be aa necessary as either of the other two 
for the occurrence of coagulation This third substance 
not bring about coagulation with fibrinogen alone o 
Peopetalia alone, It will not bring about coagulati 7 

lnids such as many hydrocele fluids, from which paraglobulin 
is apparently absent, hor serum, from which fibrinogen is ab- 
sent. It is efficacious only in such cases where there are 
reasons for thinking that both paraglobulin and fibrinogen: 

a een But its most important feature is the following; 

eases in which coagulation is brought about by the ad- 


tition of Jobulin to fibrinogenous liquids, the quantity 
of fibrin yeleeed certainly depends on the quantity of fibrin- 
ogen present, and appears also to be, to a certain extent, de- 
eniced the quantity of paraglobulin added ; whereas the 
addition of the aqueous extract only affects the ‘rapidity with 
which cougulation sets in, and not af all the quantity of fibrin: 
produced, In other words, the aqueous extract docs not con- 
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tribute to the substance of the fibrin, but favors, or is essential 

to, the union of the two fibrin factors. That is to say, the 

mbetencain tee latits 
to 


Ende bin frm : 

, * fibrin ferment. Obviously the ferment ix 
present in blood-plasma, in plasmine, and in Parent as 
prepared by the saturation method, but is apparently in large 
measure lost when paragiobulin is prep by the carbonic 
acid method. 

Ae comeslinion Hen, 9 may, any, est lation is the re 
sult of the interaction of two. ies, paraglobulin and fibrin- 
ogen, avaaet cabont by the ney of a third body, fibrin 
ferment. these three bodies are all present, a8 in blood- 

in plasmine, in pericardial fluid taken from the bod: 


the me 


alone; where 
many eases of hydrocele fluid, both must be added before 
coagulation can come on. 


The exact nature of the 
formal 


always less than that of the 
less than that ofthe fibe 


‘or other bodiew of the 
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fibrin produced, has no effect on the total quantity of fibrinogen 
used up, £ ¢. transformed into fibrin or into something else. 

Some authors go eo fir as to believe that paraglobulin ta pe 
has no share in the matter, and that. its apparent fibrinoplastic qual- 
ities are always duc to a quantity of the ferment being entangled in 
it during its preparation. They regard the formation of fibrin ax 

simply a rmation of fibrinogen by means of the fibrin 
ferment, But this view is clearly untenable so long as the statement 
that the quantity of fibrin formed is affected by the presence of 
iin is not disproved. ‘The assertion of Haramarsten,? that 
ulin may be deprived of its fibrinoplastic powers by exposure 
to a temperature of 56° or 58° C. without any change in its ordinary 
d Poitte it je trao in that direction, but fis further state- 
ment that specimens of hydrocele fluid which refuse to clot on the 
simple addition of the ferment, but do so on the further addition 
of paraglobulin, may yet contain a considerable quantity af a body 
Bpreteniy identical with paraglobulin, show that further study of 
whole subject is still required. 


This conception of coagulation as a chemical process be- 
tween cortain factors renders easy of comprehension the influ- 
ence of various conditions on the coagulation of blood. The 
ee influence of heat, the retarding effect of cold, the 

yorable uction of motion and of contact with surfices, and 
hence the results of whipping and the influence exerted by 
the form and surface of vessels, become intelligible. The 
greater the number of points, that isthe larger and rougher 
the surface presented hy the vessel into which blood is shed, 
the more quickly coagulation comes on, for contact with sur- 
faces favors chemical union, So also the presence of spongy 
platinum, or of an inert powder like charcoal, quickens the 
cogulation of tardily clotting fluids, such as many cases of 
pericardial fluid. 


The action of neutral salts is still obscure. Schmidt has shown 
that the présence of a neutral salt, such as sodium chloride, is een, 
tial to the process, coagulation not occurring even where all three 
factors are present, if no neutral salt accompany them ; thus bring- 
ing fibrin Sp ein after all into the same category ax the oo: 
agulation of albumin by heat: see Appendix, The presence of 
hemoglobin also, independently of the fibrinoplastin which may be 
present in the red corpuscles, appears to favor coagulation. 


Havii 
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The older views be at once summarily dismissed. The 
clotting ix not due to fogs of tem re, for cold retards ¢o- 
nies and the blood of cold-blooded animals behaves just 
like that of warm-blooded animals in clotting when shed.” Tt 
is not duc to loss of motion, for motion favors coagulation. It 
is not due to exposure to air? whereby either an increased 
access of oxygen or an of volatile matters is facilitated, 
for on the one hand the blood is fully ex) to the air in 
the lungs, and on the other shed blood when received, 
without any exposure to the atmosphere, in a closed tabe over 


mercury. 

"All the facts known to us point to the conclusion, that when 
blood is contained in healthy living bloodvessels, a certain re- 
lation or equilibrium exists between the blood and the contain- 
ing vessels of such a nature, that as long as this equilibrium 
is maintained the blood remains fluid, but that when this equi- 
librium is disturbed by events in the blood or in the blood- 
vessels, or by the removal of the blood, the blood und 
changes which result in coagulation. ‘The most salient 
in support of this conclusion are as follows: 


1. After death, when all motion of the blood has ceased, 
the blood remains for a long time fluid. It is not till some 
time afterwards, at an epoch when post-mortem changes in the 
blood and in the bloodvessels have had time to develop them- 

that lation lc ‘Thus some hours after death 

the in great veins may be found perfectly fluid. 
Yet such blood hag not lost ite power of congulating ; it still 
clots when removed from the body, and clots too when received 

without exposure to air, showing that the fui 

ly venous blood is not due to any excess of car- 

Or absence of oxygen. Eventually it does clot 

even within the yeuwls, but never so firmly and completely as 
when shed. Tt clots first in the larger vessels, retunining for 
avery long time, for many hours in fact, fluid in the smaller 
Veins, where the same bulk of blood is exposed to the influ. 


lly exerts un influence on, a ere sur 
hus if 
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2. If the vessels of the heart of a turtle (or any other cold- 
blooded animal) be ligatured, and the heart be cut out and 
suspended so that it may continue to beat for us long a period 
as pomible, the blood will remain fluid within the heart as 
long us the pulsations go on, i. ¢., for one or two days (and, 
indeed, for some time afterwards), though a portion taken 
away at any period of the experiment will clot very speedily 


8. If the jugular vein of a large animal, such as an ox or 
horse, Haligetared when full of blood, and the ligatured por- 
tion excised, the blood in many eases remains perfectly fluid 
along the greater part of the length of the piece for twenty- 
four, or even forty-eight hours. The piece so ligutured may 
he suspended in a framework and opened at the top so as to 
imitate a living teat-tube, and yet the blood will often remain 
Jong fluid, though a penton removed at any time into another 
vessel will clot in a few utes. If two such living test-tubes 


be prepares the blood may be poured from one to the other 
wit 


jout coagulation taking place.” 


‘The aboye facts illustrate the absence of coagulation in 
intact or slightly altered living bloodvessels ; the following 
show that coagulation may take place even in the living 
‘yossels, 


4. If a needle or piece of wire or thread be introdieed 
into the living bloodvessel of an animal, either during life 
or immediately after death, the piece will be found incrusted 
with fibrin. 


6. If in a living animal a bloodvessel be ligatured, the 
ligature being of such a kind as to injure the inner coat, 
coagulation takes place at the ligature and extends for some 
distance from it. ‘Thus if the jugular vein of a rabbit be 
ligatured roughly in two places, clots will, in a few hours, 
be found in the ligatui portion, reaching upwai 
downwards from each ligature, the middle portion 1 
least congulated. Clots will also be found on the far side of 
each ligature. The clots will still appear if the ligature be 
removed immediately after ea applied, pry ed that 
the process the inner coat has been wounde Tf the liga- 
tures be upplied in such a way as not to injure the inner 

| Briicke, Brit. and For, Med.-Chir. Review, xix, p. 18% (1857) 

* Lictor, Proc. Roy. Soc., xii, p. 580 (1858) 
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not take h the blood may 


icnous clot ix 


here a 
tare walls of the artery 
want of renewal of blood, and thus favor the 
i coagulation. On the distal side of the 
if where the artery is much shrunken, the clot which is 
formed, though naturally small and inconspicuous, is similar, 
injury of the inner coat of a bloodvessel causes a 
of injury. Any treatment of a blood- 
injure its normal condition causes local 


8. Disease involving the inner coat of a bloodvessel causes 
part diseased. ‘Thus inflammation of the 
the para the ae beni is Nag is 

accompanied it rin. In aneurism 

ee sasaki and ean of fibrin are commonly 

|. So fatty and calcareous degeneration 

wi any aneurismal dilatation there is a tendency to the 
formation of clots. 


Epes chomenh are seen os the case of rcs has 
which congulate spontaneously, If, as soon after death as 
the body is cold, and the fat is solidified, the pericardium be 
carefully removed from a sheep by an incision round the 

the pericardial fluid may be kept in the 
in a living cup for many hours without 


Fait 
ia 


 « small portion removed with a pipette 
aad che Ren hanging in the fluid Pye 
ly interpretation which embraces these facts is that 
# cértain normal relation between the lining sur- 
e@ bloodvessels and the blood is maintained, coagu- 
does not take place ; but when this relation is disturbed 
or ees gradual death of bloodvesels, or by their 
disease or injury, or by the presence of a fore 
, coagulation sete in. ‘Two additional points may here 
4 


F 
et 


g 
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he noticed. 1. Stagnation of blood favors coagulation within 
the bloodvessels, apparently because the bloodvesels, like 
other tissues, demand a renewal of the blood on which they 
depend for the maintenance of their vital powers. 2. The 
intluence of surface ix seen even in the coagulation within the 
vessels. In cases of coagulation from gradual death of the 
Dloodvessels, as in the case of an excised jugular vein, the fibrin, 
when its deposition is sufficiently slow, is seen to appear first 
at the sides, and from thence gradually, frequently in layers, 
to make its way to the centre. So in aneurism, the depcsit of 
fibrin ix frequently laminated. In cases where coagulation 
results Bain liseaae of the lining membrane, the rougher the 
interior the more ly and complete the clotting. So also 
a rough foreign 'y, presenting a large number of surfaces 
and points of attachment, more readily produces a clot when 
introduced into the living bloodvessels than a perfectly smooth 
one. 

Clear as it seems to be that some vital relation of blood 
to bloodvesel is the dominant condition affecting 
tion, it is by no means easy to state distinc 
exact nature of that relation. Some autho: 


the presence, the contact influence of some bod: 
in order that they may act on each other to form fibrin: thus 
contact with the sides of the vessel into which blood is shed, 
or with the surface of a foreign body introduced into a living 
vessel is, according to them, the determining cause of con 
lation. They suppose that living matter exercises no such 
contact influence. 


Before this point can be decided, further 
ling the exact. cot 


through t 
iy 


all, or ix one or two, absent, and if so is the appears: of them, 
or of one of then, in the plasma, the necessary invisible forerunner 
of cosgulation? Our scanty information on this point may be sum: 
marized as follows: 


, and ferment, already present in plasma? Or are they 


1. Tn all spontaneously coagulable finids white corpuscles are 





1 Briicke, op. cit, * Lister, op. cit. 





SOURCES OF THE FIBRIN FACTORS, Bo 


ant the more abandant they are the more pronounced 
Perper the spontancously coagulati i 
id is exceedingly rick ii i d the dot 
D entirely con- 
ads of fibrin. 
of hydrocele fluid which do 

are absent, or at 


Ib 


round cards i 
e to serv starting- 
‘eiaped jy tor peng and eon starting: 


ing blood fuid but congalable in an 
Thovesly is inoheerved that whoa, 9x i 
erp tah mon 

rears Ol lear, le-f 
‘od frm the vin, wheres the 


tic t 
bie 


ir 


corpus! 

dilute plasma free from 

the lower layers of the same dilute 
les, give an abundant eoagula- 
may be diluted with twelve times 
without coagulation setting 

ion ix comlucted at a tem-~ 


from white corpuscles, these 
; the amount of fibrin it pro- 
from the same diluted plasma 


very ae y iy the ier the 
some in bringing al lation 5 

That One or more oF the fibrin factors hare 

mseles, and that tion is due 

0 elements from the body of the corpuscle 
Tatter view ix vorroborstel by the following 


1A. Schmidt, op. cit. 
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the moment of leaving the vessels to the onset of coagulation. 
The fibrin-ferment, therefore, is developed from some part of the 


IF horse's blood be ke 
of forment is arrested. 


‘or no ferment present before the eoagul: 

there is abundance afterwards, If a similar port 7 
colorless plasma be filtered in the cold, the filtrate, which is 
nearly free from white corpuscles. is very poor in ferment both 
hefore and after the feeble and slow coagulation which the fluid 
; the material on tho filter, consisting almost entirely of 
los, ix very rich in ferment. These fets seem to show 
fibrin-ferment which is present in blood-serum has its source, 
red but in the white corpuscles, and that the passage of 
se ferment from the white corpuscle into the plasma is a precursor 

tion, 


6. The coagulation of filtered dilated plasma has been said to be 
both feeble and slow. ‘The tandiness of the coagulation is due to the 
paucity of ferment; the feebleness, « ¢., the small quantity of fibrin 

luced, must be dae to the scantiness of one or both of the fibrin 

rm. On adding paraglobulin the quantity of fibrin produced is 

the same as that given by the same quantity of unfiltered plasma. 
The filtered plasma is therefore deficient in paraglobulin, The 
material left on the filter is rich in paraglobulin. The inference 
ich A. Schmidt draws from these facts, is that aes like 
the fibrin-ferment, hax its origin in the white corpuscles, but that 
fibrinogen is « normal constituent of the plasma 


7. If a drop of horse's plasina, kept from coagulating by cold be 
examined ander the microscope, it will be found to contain a large 
number of white corpuscles, mixed with whieh, according to A. 
Schmidt, are corpuscles of an intermediate character between white 

|. £ &, nucleated cells whose protoplasm is loaded with 
colored hemoglobin granules. As the drop is watched, a large 
number of the white corpuscles and all the intermediate forms are 
geen to break up into « granular detritus. This breakin G 
white corpuscles is the precursor of coagulation, the 


ota together, Schmidt concludes that wh: 
% white and intermediate corpuscles fall to pie 
by which act a quantity of fibrinferment and of paraglobulin ix 
discharged into the plasma ‘Theco meeting there wlth the a 
present filrinogen give rise to fibri coagulation results. 
other mammals coagulation, even at low temperatures, is too rapid 
to permit of the changes in the corpuscles being watched as satisthe- 


= 








Aewondive 


i 


. be cmmvidered as consisting by 
aed to somewhat lew than ope-balf af 
being plawms, the corpuscle being <ap- 

the anwarnt of water proper to them. 


i 
i 


of cyanctes in the plumua of arterial blood exceeds 

fn the venoms Bond the proportion varies con. 

it being the greatest in the splenic, and smallest in the 
J ; 4 


Conspienous und etriking ae are the results of coagulation, 
tome an appears to he the elot whieh is formed, it must bo 


| Wriduclog 1. Kewherchue sar la congulation du Sang, Bruxelles, 
isri, 
PGentralbt. (mail, Wie 1807, p. AOL 


* Vor the various ude of determination, eee Hoppe-Seylor, Hdb, 
Physiol. Chem, Anulyso, 5, 227 
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remembered that by far the greater part of the clot consists of 
corpuselos. The amount by es ik fibrin required to bind 
SGeetiien siebee Of sorties order to form even a 
exceedingly small. ‘Thus the average quantity 

See acer -2 per eent., but 
the amount which can be obtained from a given quantity of 
plasma varies extremely; the variation being due not only to 
circumstances affecting the blood, but also to the method em- 


Played. 
See eee eo eee An WO 
ne. Taaibe ‘aise 90 per cet 


vitated by heat! lobulin 
imate ey eat) Upsraatobalin). pre- 


vipitated by acids), 
» Magee Sr en dering cougulatiog off 
id substances consist of albu- 
nn vA al AL Lapa reappear oy 
hypoxanthine, nd urea; also at times hippuric and 
ee etting and 
4, Grape sugar, in small quantities, varying according to the sit- 


ede acids, cholesterin, lecithin. sige gh ae! 
desired en, and partly erie as an emulsion, but always 
ina ‘thongh varying quantity (0.1-0.2. per cent.), 
by re each kind of blood. 
pie ie (The scrum iso ney coutains hasiea 
only an impurity, caused by disintegrated blood. 


of salts of sodium, chlorides, and 
especially common saltand carbonate of 


the bodies included under 2, the above 
also the constitaents of the serum—that is, 
liquid obtained after congulation of the blood or plastma.'"] 


‘The difficulties indeed of acquiring an exact knowledge of 
the chemical constitution of plasma, which as we have 
section is probably undergoing changes 

Se He moment of being shed, are very great; our informa. 
the composition of the serum and of the oor- 


ek is much more trustworthy. 
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Composition of Seram—In 1) parts of serum there are in 
numbers 


aie oe ee 


3., beth the serumalbumin and 





sow Appendix. 3800 
£ . Chem.,i (1877), p. 72. 
avi (1878) its 
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with magnesium sulphate is a more trastworthy means of throwi 
down paraglobulin than the saturation with sodium chloride peers 
em) ; aml by the use of thix method has come to the conclusion 
lobulin present in serum hax been greatly 
generally spoken of'as existing in 
but Hammarsten has estimated it as varying 
1,788 per cent, (rabbit) to 4.565 per cent. 
(horse), the serum-albumin ated from 4.436 per cent. (rabbit) 
to 2.67 pes oak. Uaeess). In human blood he found 3.103. per 

cent. yaraglobulin, and 4.516 per cent. seram-albumin. 


‘The fats, which are scanty, except after a meal or in certain 
pat ‘ical conditions, are the neutral fats, stearin, palmitin, 
and olein, with a certain quantity of their respective alkaline 
soaps. Lecithin’ and cholesterin ‘occur in very small quantities 
only. Among the extractives present in serum may be put 
doyen all the nitrogenous and other substances which form the 
extractives of the body and of food, such as urea, kreatin, 
sugar, lactic acid, ete, A very large number of these have 
been discovered in the blood under various circumstances, the 
consideration of which must be left for the present. The 
peculiar oder of blood-seram is probably due to the presence 
of volatile bodies of the fatty acid series. The faint yellow 
color of serum is due to 9 special yellow pigment. ‘The most 
characteristic and important chemical feature of the saline 
constitution of the serum is the preponderance of sodium salts 
over those of potassinm. In this respect the serum offers a 
marked contrast to the corpuscles (see p. 49). Less marked, 
but still striking, is the abundance of chlorides and the poverty 
of ph in the serum as compared with the corpuscles. 


‘The salts may, in fact, briefly be described as consisting chiefly 
of sodium ‘chloride, with small quantities of sodium carbonate, 
sodium sulphate, sodium atic 

magnesium phosphate. 


te, calcium phosphate, and 


Pale bese e of the Red Corpuseles—When ob- 
on the permis hgh a microscope, the red corpuscles appear 
as minute, ci + flattened, biconeavo-convex bodies, de- 
pressed in the centre, and surrounded by an elevated rounded 

If seen a little beyond the focus of the instrument, 
the centre asa dark spot surrounded by an annular 
light ring; while if the corpuscle is brought a little within 


‘For detniled necounts of the characters of the several chemical sub- 
‘stances mentioned {n thitand succesding chapters, consult tho Appendix 
under the appropriate headings. 
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focus the converse is observed. This optical effect is due to 
the impossibility of getting both the biconcave and biconvex 
portions in focus at the same time. ‘The appearance of the 
central dark spot was supposed to indicate the existence of a 
nucleus, but from what has already been said, this supposition 
must certainly be erroneous. ‘These corpuscles are further ob- 
served to be soft, transparent, and ductile. By virtue of their 
elastic and ductile Uae they are eapable of adaptin 
themselves to sudden changes in the direction of the thou - 
current, or to modifications in the calibre of the capillaries, 
‘Thus in their passage through capillary anastomoses they will 
often be observed to become bent nearly at right angles in 
ing from one capillary to another ; occasionally they become 
ved in the middle of the blood-current on an intracapillary 
ye and are bent nearly double, resuming again their 
original outline when dislodged. In the minutest vessels the: 
will often appear elongated, so a8 to be enabled to pass kort 
the constricted channel. a 
The color of the corpuscles if en masae is a bright red; if 
seen singly they appear of a pale amber color. After the 


Red Corpusctes of Man. Ata, the corpuscles are seen flat, on ed 
firat two corpuscles abow the ceritral spot or concavity dark and tig 
the biconcave and coacavo-convex forms ; among the rolls, one corpus wnout, by 


3 biconea 
Virtue of iis viscidity, and would resume Its circular shape by virtue of its elasticity 


blood is drawn from the veasele they exhibit a remarkable 

tendency to aygrégate by approximating their #ides, and thus 

forming irregular rows, which, from their appearance to rolls 

have been termed rouleme. If the amount of plasma 

q mall, eo that the corpuscles cannot be floated suffi- 

ciently to allow of the approximation of their entire sides, they 
will overlap or adhere by their edges. 
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Another interesting fixct observed after the blood is drawn, 
is that their outline becomes much changed by the develop- 


All the hege shows are drawa to the walform scate, at the bottom ef the 
wood-cot, of Lain of as English inch, and the measacciments are expressed in vulgar 
fractions of that ich. ¥. b. sigeilics trataveese diameter: L. 6. long diameter; &. b. 
short diameter 


Manowatrs. 
4. Red Corpustle of Man, ween on Ube flat surface and ale 
‘om the edge; thickmew 1-1240 ne LEO 
* Elepbant Sate hearts 
” 4 eaEss 


mo, 


Rernuia 
* Crocestile— 
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ment of small nodular projections on their edges. If the 
corpuscles are now allowed to be somewhat desiccated, they 
become shrunken and assume a stellate or erenated appearance. 

To different animals these corpuscles vary both in size and 

Tn mammalia (excluding the camel tribe) they exist 
as circular disks, relatively small, pmaalng no nucleus, In 
aves they are oval, nucleated, and larger; while in reptilia 
ne the same features as in aves, but are still larger. 
ae Cotes oes and can oe these corpuscles are beauti- 

exhibited in in; re. (Fig. 6.) 

The size of the perk ene hae 68 bear no relation to the 
size of the body, but, as has been pointed out by Milne-Edwards, 
there occasionally exists a relation between the size and the 
muscular activity of the animal. Thus it was found that in 
deer and other fleet-footed animals the corpuseles were relatively 
small; in amphibia, which are comparatively sluggish, the 
corpuscles were relatively larger. ‘The relation then that the 
diameter of the corpusele would bear to the muscular activity 
would be in an inverse ratio. It has also been found that 
the higher the scale of life is advanced the smaller the diameter 
of these bodies become. 

‘The action of different substances on the corpuscles is very 
interesting. Water causes them to swell and become globular, 
Acetic acid and alkalies cause them to swell and become de- 
colorized. They are also decolorized by freezing and thawing, 
or removal of the gases, the addition of chloroform, ether, 
alcohol, carbon bisulphide, and sults of the bile acids, Tannie 
acid causes a nodule to project from the circumference, Elec- 
tric shocks temporarily crenate them, which state is followed 
by their becoming round and decolorized, In fever they are 
diminished in size, and may bo restored by quinine or other 
antipyretics. Carbonic acid gas renders them biconvex. So- 
dium chloride causes numerous thorn-like projections to appear 
on their circumference, Boracic acid ilies a srasleated ca 
mass from # colorless stroma.) 


ition of the Red LE iin aed corpuscles contain 


less water than the serum. 


n 100 parte of wet corpuscles 
there are of 


Water, . 
Solids, 


The solids are almost entirely organic matter, the inorganic 
salts in the corpuscles amounting to less than 1 p.c. Of the 
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ic matter again by far the |; rt consists of hemo- 
lobin. Tn 100 ara the asked eogaie matter of the cor- 
puseles of human blood, Jildell' found, as the mean of two 
observations, 


ih im, . » . 9054 Lecithin, . . . oo 
Piotedt Seietances, RG? Ohlone; 23 
The composition and ies of lobin will be con- 
sidered riper wat respiration, Of the proteid sub- 
stances which form the stroma of the non-nucleated red cor- 
eee this much may be said, that they belong to the globulin 

ily. The amount of fibrinoplastic Demet, and the 
exact nature of the other members of the group present, must 
be considered as yet undetermined. As eats the inorganic 
constituents, the cor les are distinguished by the relative 
abundance of the sults of potassium and of phosphates. 


distribution of ie salts in blood be from the 
Pets Be ee eee 


cles ah (the tron which belongs almost exclusively to the 


havmoglobin? red corpuseles and exists in mere traces only 
Carserdbr ca puaanes being nuittedy, 2 Bet bi Sa 


Tn 1000 Parts Plasma. 


Potassium chloride, . 
“sulphate, . 


tices hee 
jam ** 


Sodium chloride, > |? 


oxi 


hand, ex 
undonbtedly exist in the seram. 





Untersuch., iti, 390. 
Contains .4 to .5 per cent. of Fe, and the quantity of 
will depend on the quantity of hemoglobin. 





reponderate over the acids (even when carbonic an- 
oned with them); this alone shows how little the 


ies of the White Corpuscles.—The white corpuscles 

exist in the blood as free masses of protoplasm. They uppear 

as globules with granular contents, frequently containing a 
leus or nuclei. As observed in the stage of the microsco) 

they are irregularly shaped masses, and are remarkable for 

thetr pesecred prolongations and movements, which, from 

their resemblance to those of the amoba, have been termed 


“the amaboid movements.” 

Tn the bloodvessels they sustain their globular form, and 
have a tendency to adhere to the sides of the vessela—a ten- 
dency directly opposite to that of the red corpuscles, They 


possess a very remarkable property of migrating through the 


Fic. 7, 


ad 


a. Common whive corpmcle, soon after its withdrawal from the vessels (maguified). 
5. The surface become prickly. 4, Protrusion of larger processes and apparition of 
nucle, 


intercellular interstices of the capillaries into the adjacent tis 
sues, In this act of migration it is assumed that a prolonga- 
tion is sent out, which, penetrating the intercellular substance 
of the vessel wall, continues to urge its way through, more and 
more, until the whole mass of protoplasm has passed; other 
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observers assume that it is a kind of filtration, and still others, 
that the exit takes place through pre-existing openings (sto- 
mata) in the ey. walls. 

Through the intervention of vital processes, the corpuscles, 
after reaching the extra-vascular tissues, may undergo such 
changes in the differentiation of the amebiform units and dif- 
ferentiation of structure that they become coniponent parts of 
the tissues, and we have “the manifestation of certain only of 
the fundamental properties of protoplasm, to the exclusion or 
Thy aoepeaclen ad ered 1 the fimdas 

1 corpuscles, as protoplasm, possess al 

mental properties of pro . As fized protoplasm they 
lose certain of the anxebiform units. Free protoplasm is auto- 
matic; fixed protoplasm is subservient to the influences exerted 
through the nervous system. This is bly true of all fixed 
protoplasm, and we find in rising the scale of life, that the 
more difftrentiated and fixed the protoplasm, the greater pro- 
portionately is the development of the pervous system. 

‘The migration of thest corpuscles is best seen in points of 
i where vast numbers are observed gregated 
in the bloodvessels and extra-vascular tissues. Professor Bi 


Composition of the White Sealand it be permitted 
to infer the composition of the white es from that.of 
the which they so closely resemble, they would 
seem to consist of:! 


jei contain nuelein, See Appendi 
VMisscher, Hoppe-Seyler, Untersuchungen, 
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* eich extractives, Blysogen, 1, and spate here thine ia 
in the ash a repeadarains jum salts ani te § 
after the death of the corpuscle the glycogen appears to tecmnene 
into sugar, 

Both the corpuscles and the plasma (or serum) contain 
gases. These will be considered in connection with respira- 
tion. 


and potassium salts, 

able rather for their number and variability than for their 
abundance, the most constant and important being perhaps 
urea, kreatin, sugar, and lactic acid. 


Src. 3. Toe History or THE Corruscir. 


In the living body red blood-corpuscles are continual: 

ing destroyed, and new ones as continually being pedis, 
‘The proofs of this are: 

1, The number of the red corpuscles in the blood at any 
given time varies much. 


The number of corpuscles in a specimen of blood is determined 
by mixing a small bat carefully measured quantity of the blood 
with a quantity of some indifferent fluid, and then actually 
counting the corpuscles in a known minimal bulk of tl i 

This may be done either by Vierordt’s' plan (somewhat modified 
by Gowers’), in which a minunal quantity of the diluted blood, 
measured in @ fine capillary tube, is pread on a surfi ki 
in square areas, and the number of Samed in each 
counted under the microseope, or by Malassez,? 

is drawn into « capillary tube of flat 
the number of corpuscles counted in site in the tub 
an velar marked out in squares, the microscope bein 





* Grundries der ie, p. 9. _ * Lancet, 1877, li, p. 497. 
thane oF Physiologie, 1874, p32." 
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‘The average number of red in human blood is 
about five millions in a cubic mil ; in mammals I~ 
oer a from, oe Senge muillions. The seebe 
varies in parts of vascular syftem, being greater 
in the capillaries and in the veins than in fi arteries Tt is 
in by meals, and diminished by fasting; of course the 
number of present in any given bulk of blood 
being merely expression of the proportion of co 

amount of plasma, variations in the number counted 
might, and in certain cases are, probably, caused by an in- 
crease or decrease in the quantity of plasma, occurring while 
the actual-number of corpuscles is stati . But many of 
the vuriations cannot be so accounted for; must be due 
to an increase or decrease of the total number of corpuscles in 
“ number 

or disease (anwmin), the 

even within a very short 


urinary and bile 
If this 


immense 
BA op 
8. the blood of one animal is injected into the ves- 
nels of her (er. gr., that of a bird into a mammal), the 
© ‘of the first may for some time be recognized in 
blood Lag rela ea second; but eventually they mpolly 
fe ‘course, is no strong evidence, sinée the dée- 
acres of 


foreign corpuscles might take place even though 
the proper unex had a permanent existence. 


Origin of the Red Corpusctes, 


In the embryo red corpuscles are produced : 


1. From metamorphosis of cortain mesoblastic cells in the 
vascular area. (Fig. 8.) 


2. By division of the corpuscles thus formed. 
3. In a somewhat later stage, by the transformation of 
6 
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nucleated white corpuscles, which probably arise in the liver 
and spleen, and pass thence into the blood. The cell-sub- 
stance becomes impregnated with hemoglobin, and the nu- 
cleus breaks up atl disappears. 


4, By the direct transformation of the protoplasm of undiffer- 
entiated connective tissue corpuscles.’ the red corpusele appearing 
first as a minute speck in the protoplasmic cell-substance, and sub- 
sequently enlarging very much after the fashion of an oil-globule. 


In the adult, division of existing corpuscles is, at least, ex- 
ceedingly rare, if it occurs at all. In the spleen pulp small 
nucleated colored corpuscles have been observed, similar to 
those met with in the embryo; transitional forms, showing 
the ce of hwmoglobin in the cell-substance and degen- 
eration of the nucleus have been seen. In the wide cap- 


[Fro 4, 
@ e) 
D @ @ 


Development of the firus wet of blood-corpuscles In the mammatian embryo, A.A 
dotted, nuclested embryo-cell in process of conversion toto & Bosd-conpuscle; the 
muicleus provided with a medleolus nA similar cell with a dividing aucleus; at ¢, the 
division of the nucleus a complete; at n, the ceth also Is dividing. ®. A blood-cor- 
puscle almost complete, but still containing a few granules. », Perfect blood-corpus: 
cle of embeyeaic life. These embryonic corpuscles are gradually replaced by the cor- 
puscles of adult life ant entirely disappear by the fourch oF fiith month of fortal life.) 


illaries of the red medulla of bones similar transitional forms 
haye been observed, and they have also been noticed in eir- 
culating blood, 


According to Alex. Schmidt? in living unchanged blood these 
forms are abundant; they break up and disappear, however, im- 
mediately that the blood is shed, unless special precautions (appli- 
tations of colt, ete.) be used. 


‘Schafer, Pros. Roy. Soo., xxi 20p. cit. 
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From pe a pr eal aces that Lec rs 
puseles take origin colorless nucleated corpuscles similar 
if not identical with, the ordinary white corpuscles of the 


jimals with nucleated red corpuscles 
inmation of the native 
bin and stroma, In the 
counts brake tp ud 


Tokar inxs od 
and the enti 


former. 
See ree cee, 
un ie white 
“ have been overlooked on Rocouny of hate 
Epa tds anvvanias Maio ta pe 
les, propeses: ive 
corp 


There are reasons for believing that not only may the 

Sseeihaa geste ito lectin corpects a 

indiv’ oi les under 

different circumstances. Malassez,’ by comparing the tint of 

of blood the numbers of whose corpuscles had been 

|, with that of a luated solution of picrocarminate 

of ammonia, has been able to estimate the amount of hemo- 

palate the Hes under different circumstances, 

that in anemia the poverty of the corpuscles in 

Iuemoglobin is even more striking than the scantiness of the 

Piel naa and i# sooner affected by the administration of 
iron. 


Origin of White Corpuscles, 
corp! ly being removed 
evident from the fact that they vary extremely in number 
different times and under various circumstances. They are 
inereased by taking food, Thus during fasting 
seen in a drop uf blood to bear to the red the 


Kolliker, bine ee - 
ologie, teh, bee Of. also Hayem, ibid., p. 649. 
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proportion of 1 in 800 or 1000. After a meal this 1 
tion rises to 1 in 300 or 400. ae 


‘The fact that in the lymphatic glands, and other adenoid struc- 
tures, corpuscles, similar to if not identical with white blood-eor- 
pureles, are to be seen of very various sizes, many with double 
nuclei, and some, indeed, acoally yan into two corpuscles,* 
suggests these organs are the birthplaces of the white corpus- 
cles. The lymph is continually pouring into the blood a crowd of 
white corpuscles, which, for the most part, make their appearance 
Inthe ym veel after he fatter have verre. the Fhate 

lands. this view is further supported by the fact that in the 

leuciemia, where the white muscles may be so al 
as to number as many as 1 to 10. the spleen, the lymphatic 
and other forms of adenoid tissue, are enlarged. (The 
nomena are, however, capable of a converse interpretation, viz. 
nt the white corpuscles, failing to become converted into red cor- 
puscles, are crowded into the lymphatic orguns. ) 
y many of the pats found in the lymphatic vessels 
a are truly nothing but white corpuscles, for we have 
y learned that the latter possesses the power of migratit 
through the walls of the caplllaties, and they therefore must find 
their way into the diaplastic spaces (spaces existing between. the 


vommencements of the lymphatic vessels and capillaries) and from 
thence into the maphaiice te 

At the sume time it ix open for us to suppose that any prolifer- 
ating tissue may give rise to new corpuscles; and Klein? states that 
he has seen them off from the reticulum of the spleen. The 
white corpuscles have also been observed to divide.* 


We may conclude, therefore, that the white corpuscles prob- 
ably arise, by division chiefly, from the leucocytes, of adenoid 
tissue, but that other sources may exist. 


Fate of the White Corpuseles. 


As we have seen, it is extremely probable that a large num- 
her of the white corpuscles end by giving birth to red corpus 
cles; but it is only posible that ‘a not inconsiderable number 
die in the blood and are there broken up and disappear. 

On the other hand we know that in an inflamed area the 
white corpuscles migrate in | numbers into the extra-vas- 
cular portion# of the tisenes, there are reasons for thinking 
that not only the pascorpuseles and “exudation” corpuscles, 





* Ranvler, Traité d’histologie, p. 161. 
19.4. Miotoe, Sei, xv (1875), p. 870, 
*Riein, Hab. Phys. Lab., p. 8 
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which are the common products of inflammation, but even the 
new tissue elements (connective tissue cells and fibrins, blood- 
vessels, etc.}, which make their appearance as the result of the 
so-called “productive” inflammations, are the descendants, 
immediate or remote, of such migratory corpuscles. But a 
discussion of this question would lead us too far away from 
the S gdeced of this work. 

[A beautiful experiment, illustrating the formation of path- 
ological cells from normal corpuscular elements, is shown by 
injecting into the posterior lymph eac of a frog some extra- 
neous matter, sich as dust, with the result of the production 
of giant cells in which are found imbedded particles of the 
foreign matter.) 


Fate of the Red Corpuseles, 


Tn the spleen we find, as K6lliker long since pointed out, 
large estoplasets cells, in which are included a number of 
red corpuscles; and these red corpuscles may be observed in 
various eri of Lage disintegration. “It is probable, 
oat, the «pleen ix the grave of many of the red cor- 
ea serum of fresh blood contains no dissolved hamoglo- 
bin, it is clear that the hamoglobin of the broken-up corpus- 
cles ninst speedily be transformed into some other body. Tato 
what other body? In rales (as in those of terse 
Herren. ere are frequently found minute crystals of a 
body whiel ite received the name hamatoiden, There can be 
no doubt that the hwmatoiden of these clots is a derivative 
from the hamoglobin of the excaped blood. We know® that 
hemoglobin contains, besides a proteid residue, a residue not 

roteid in nature, called hamatin. We know, further, that 
see muy lose the iron which it contains (and which ap- 
pas to be loosely attached), and yet remain a colored body. 
that there i* no difficulty in thie passage from the proteid 
and iron containing hwmoglobin to the proteid-and-iron tree 
hamatoidin. But hiematoidin, not only in the form ap- 


of ite crystals, but aleo, as far as can be ascertained 
edie enkipaes uf he tall quantities at diopieal, in its chons- 
ical composition, is identical with bilirubin, the prim: i 
ment of hile. Moreover, the injection of hamogtobi 
dissolved red corpuscles, into the vessels of « living animal, 
gives rise to a large amount of bile pigment in the urine, and 


# See chapter on Changes of Blood in Respiration 
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at the same time increases enormously the relative quantity of 
bilirubin in the bile. Thus though no one has yet succeeded 
in producing bilirubin artificially from hamoglobin, facts point 
very stone to the view that the red corpuscles are used up 
to supply bile pigment, 


Tt must be added, however, that, according to Preyer," the spectra 
of hamatoidin and bilirubin are quite distinct, and that oee 
servers have failed to obtain bile pigmont in the urine as the result 
of injection of a solution of hiemoglobin. Blood clots frequently 
coutain, besides or in place of hwmatoidin, a yellow substance 
namo which is certainly distinct from bilirubin. Zutetn 
is the substance which gives to corporea Intea their characteristic 


jn 

Oar knowledge of urinary pigments is eo imperfect that little can 
be suid as to their relation to hemoglobin. We cannot at present 
definitely trace the normal urinary pigment. back to hamoglobin, 
however probable such a source may sccm; but Jaffé finds in many 
lirines, expecially those of fever patients, a body called urobitin, 
identical with Aydrobilirwbin obtained from bilirubin by reduction 
with sodiam amalgam.” 


See. 4. Tre Quaxmry or Broop, axp irs Derrmvrioy 
1x tHE Bopy. 


‘The total Sapa of blood present in an animal body is 
estimated in the following way. As much blood as possible is 
allowed to escape from the vessels; this is measured directly. 
‘The vessels are then washed out with water or normal saline 
solution, and the washings carefully collected, mixed, and 
measured. A known quantity of blood is diluted with water 
or normal saline solution until it possesses the same tint as a 
specimen of the washings. This gives the amount 

of blood (or rather of hemoglobin) in the measured specimen, 
from which the total quantity in the whole washings ix caleu- 
Lastly, the whole body is carefully minced and washed 

free from blood. The washings are collected and filtered, and 
the amount of blood in them estimated as before by compari 
aon with a specimen of diluted blood. The quantity of blood 
in the two washings, together with the escaped blood, gives 
the total quantity of blood in the body, Estimated is 
my the total quantity of blood in the human body may be 

to be about pyth of the body weight. 





1 Die Blut-Kryntalle, - 
*C% Liebermann, Piiger's Archiv, xi (1875), p. 181; Disqué, 
chr. € Physiol, Chem., i (1878), p. 359. 
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‘There are several eee es 
|. This 


shout the atme coloring power. The tity. 
muscular fibre itself is a source of error, but 
ht one. ‘The diffieu ali oF ppt a clear infu- 
Sead Sb taved ueriote Actor ding to Tanke? 
body of a rabbit amounts to 7th of the body 
weight, in a dog to ¢cth, ina cat'to gst, in a frog to ysth, 


‘The blood? is distributed as follows in round numbers : 


About one-fonrth inthe Heats Jungs, large arteries, and veins. 


wren Be pl and t bloodvessela she Moo ae 
in it, t undergoing an) at ny ‘and in 
Teaitarapec Oi we know, the pores are Titnited to res- 
piratory changes), it follows that the changes which take place 
in passing through the liver and skeletal muscles far exceed 
those which take place in the rest of the body. 

Ranke found the distribution to be as follows : 


Ie THE viscknA. IN THE cancase. 


Percentof Perce. of Percent of Per tent. of 
total Blood, organ weight, 


S270 | Tare, 2... 8 
+ 29.20 ) (Heart, lungs, and great 
+ 2290) vesmls 2... OST). 





* Blut-vertheiung, 1871, 2 Ranke, op. cit. 
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CHAPTER IL 


THE CONTRACTILE TISSUES. 


Tre greater number of the movements of the complex 
animal body are carried Gn by means of the skeletal striated 
muscles. A skeletal muscle when subjected to certain influ- 
ences contracts, i 2, shortens, bringing its two ends nearer 

;_and the shortening acting upon various bony levers 
or by help of other mechanical arrangements, produces a 


movement of some part of the body. The striated tissue of 
which the skeletal muscles are composed is the chief contrace 
tile tissue. The peculiar muscular tissue of the heart is 
another contractile tissuc; under certain influences the fibres 
into which it is arranged shorten, and thus give rise to the 
beat of the heart. A similar shortening or contraction of the 
fusiform fibre-cells of plain muscular tissue, gives rise to move- 
ments or to changes of calibre, etc., of the alimentary canal, 
the urinary bladder, the uterus, the arteries, and the like. 

At first sight “contraction” of any one of these forms of 
differentiated muscular tissue seems wholly unlike an ame- 
boid_ movement of an amoeba or of a white corpuacle of the 
blood. And yet the transition from the one to the other is 

alight. A typical amoeba may be regarded as spherical 
in form, and when it is executing its movements the pseudo- 
podiec bulging of its protoplasm may be seen to occur now on 
this now on that part of its circumference, and to take now 
this and now that direction. The fibre-cell of plain muscular 
tissue is a nucleated protoplasmic mass of a distinctly fusiform 
shape, and when it executes its movements, i. ¢, contracts, the 
bulging of its protoplasm is always a lateral bulging in a 
direction at right angles to the long axis of the fibre-cell. 
Since as we shall sec there is no change of total bulk, this 
thickening of the fibre by means of the lateral bulging is 
necessarily accompanied by a shortening of its length. The 
contraction of muscular tissue is in fact a limited and definite 
ammboid movement in which intensity and rapidity are gained 
at the expense of variety. 

Besides these movements which are carried out in the body 
by means of differentiated muscular tissue, there are others 
brought about by the peculiar structures known as cilia, 





THE SKELETAL OR VOLUNTARY MUSCLES. 61 


among which we may include the motile tails of spermatozoa ; 
and pote ammboid movements are not peg Ca eae 


eraininet Noa by the so-called: mi 
“Of all he these under the heading reeset 
various forms of contractile tissue the skeletal 
raselaas on, 8 acoount of the more complete develop- 
Sater fab titetiees will be buiec scaler oes the others, 
on account of their very simplicity, are, in many respects, less 


All the ordi striated skeletal muscles are connected 
with nerves, We have no reason for thinking that their con- 
tractility is called into ee under normal conditions, other- 


ves Sea ne sees nerves, 

Muscles and ni: thus #0 closely allied, and having 
besides so Ae properties in common, it will conduce to 
clearness and day ir asteme then nether 


[Physiological Anatomy of the Skeletal or Voluntary Muscles, 


The skeletal muscles of the body 
Alok SOMES prmcR ee Thay ete wal up of bee 
dies, which are subdivided through several gradations into 


“Transverse section of a portion of s muscle (magelties), showing mallee boudles with 
secunilary anf primitive fascial. 2, external perimysiuim ; ¢, larermat periinysium, 


smaller bundles. These in their turn consist of secondary fas- 


tien together, and inclosed in a fbro-arcolar 
Se ere gas iateel peecneL peenyetam (ig, 9,6) The 
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internal perimysium is formed by prolongations from the “ ex~ 
ternal perimysium,” which envelops the muscle. (Fig. 9, a,) 
These fasciculi are made up of a number of primitive fas~ 
ciculi or fibres, drt parallel with each other, inclosed and 
npaseied a delicate structureless membrane called the «ar 
ma. ‘They are more or less flattened on their sides owing 
to the pressure of adjacent fibres. These fibres, which are the 
contractile substance of the organ, are, in their turn, composed 
of numerous long, cylindriform, threadlike bodies called fe 
te (Big. 10), which have distinct longitudinal lines of sep- 


‘A, 4 roweilar fidee’ showing longivedinal and transverse lines of separation ; c, indi- 
vidual fibrilli,, which have been separated inthe longitudinal lines; B, showing th 
transverse lines of separation: #, plate detached and more highly magniGed, showing 
sardous elements more distinctly ; &, <%, sarcous elements more highly magnified, show- 
ng different appearances, 


aration, and are marked by transverse strive, giving them an 
appearance which lias been likened to a number of strings of 


Fo th. 


Muscular fibre torn weross; the sarcolemma still connecting the two parts of the 
fibre, After Toop and Bowseax, 


beads closely bound together. The transverse strise mark the 
divisions between the cells composing the fibril. These cells, 
which are called the “sarcous elements,” are rectangular in 
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outline, and a dark centre, which indicates the pres 
ence of # auc! 

When these fibres are torn, the sarcolemma by virtue of its 
Eenaparet sae, i which aes telco] the rapeured: exis of 

tube, in are im 

the fibre. (Fig 11.) 

When the muscular fibre is attached to the skin or mucous 
membrane, it is continuous with the areolar tissue; when at- 


Sno. 1. Tar Prexomexa or Muscur axp Nerve. 
Masewlar and Nervous Irritability. 


‘The skeletal muscles of a frog, the brain and spinal cord 
of which have been destroyed, do not exhibit any spantaneous 
movements or contractions, even though the nerves be other- 
wise quite intact. Left untouched, the whole body may de- 
compose without any contraction of any of the muscles having 
been witnessed. Neither the skeletal muscles nor the nerves 
distributed to them possess any of automatic action. 

Tf, however, a muscle be laid bare and be more or less vio- 

disturbed, if for instance it be pinched, or touched with 
in contact with certain chemical sub- 

i to the action of galvanic currents, it will 

vit is thus disturbed. Though not possessing 

for some time 


they may manifest themselves. substances or agents which 
are thus able to evoke the activity of an irritable muscle are 
spoken of as atimuli, 

“But to prodace a contraction in 1 muscle the stimulus need 
not be applied directly to the muscle; it may be applied indi- 
rectly by means of the nerve. Thus if the trank of a nerve 
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be pinched, or subjected to sudden heat, or dipped in certain 
chemical substances, or acted upon by various galvanie cur- 
rents, contractions are seen in the muscles to which branches 
of the nerve are distributed. 

The nerve, like the musele, is irritable, it is thrown into a 
state of activity by a stimulus; but unlike the muscle it does 
not itself contract. The changes set up in the nerve by the 
stimulus are not visible changes of form; but that changes of 
some kind or other are set up and propagated along the nerve 
down to the muscle is shown by the fact that the muscle con- 
tracts when « part of the nerve, even at some distance from 
itself, is stimulated. Both nerve and muscle are irritable, but 
only the musele is contractile, 7. ¢., manifests its irritability by 
# contraction. The nerve manifests its irritability by trans 
mitting along itself, without any visible alteration of form, 
certain molecular changes set up by the stimulus. We shall 
eall these changes thus propagated along a nerve, “nervous 
impulses.” 

© have stated above that the musele is irritable in the 
sense that it may be thrown into contractions by stimuli ap- 
plied directly to itself, But it might fi be urged that the 
contractions so produced are in reality due to the fact that, 
although the stimulus is apparently applied directly to the 
muscle, it is, after all, the fine nerve branches, so abundant in 
the muscle, which are actually stimulated. The following 
facts, however, go far to prove that the muscular fibres them- 
selves are capable of being directly stimulated it the in- 
tervention of any nerves. When a frog (or ot imal) is 
poisoned with urari, the nerves may be subjected to the 
strongest stimuli without causing any 
eles to-which they are distributed 
applied directly to the musele readily caus 

re introducing the urari into the syste 

underneath the sciatic nerve in one leg, 

the right, and drawn tightly round the wi 
clusion of the nerve, it is evident that the ura 
into the back of the animal, will gain access 
atie nerve above the ligature, but not below, 
have free access to the whole left sciatic. 


movement of the left leg will be produced 
left sciatic, whereas strong contractions of the muse he 
right leg below the ligature will follow stimulation of the right 
ittie, whether the nerve be stimulated above or below the 
Now since the upper parts of both sciatics 








66 THE CONTRACTILE TISsURS. 


almost ous with contractility, a meaning which is still 
adopted by many authors In this work we have used it in the 
wider sense, first employed by Glison, which includes other mani- 
festations of energy than the ee of form which constitutes a 
contraction. Since Haller's time the question whether muscles 
yosies an independent irritability has shifted its ground; it now 
not whi moseles are irritable or not, but simply ‘whether 
thet i invitability aoe be called into action in other ways than by the 
mediation of nervy ‘iow alge the ana acumen: Saat dew 
seribed, we many state res, enti \ea- 
mere nerves, such as Paige lower end of the sartorius of the frog, 
Y, with contractions ax a result; pe tl ¢ 


anal which aet as stimuli when applied, di lirectly to 

chentieal sure somewhat from those which act as stimuli to nerves ; 

, that portion of muscle fibre quite free from nerves may 

the microscope to contruct. In the succveding por 

ae of this ner abundant evidence will be afforded that. the activ 

wr of contractile protoplasm is in no way essentially dependent on 
Dp 


resence of nervous elements, 


The Phenomena of « Simple Muscular Contraction, 


If the far end of the nerve of a musclenerve preparation 
(the gastrocnemius for instance of the frog with the attached 
sciatic nerve dissected out) (Figs. 12 and 13) be laid on the 
électrodés of an induction-machine, the passage of a single in 
duction-shock (either pais or breaking) will produce no 
visible change in the nerve, but the muscle: will give « short 
sharp contraction, i. ¢, will for an instant shorten itself, 
becoming thicker the while, and then return to its previous 
condition. If one end of the muscle be attached to a lever, 
while the other is fixed, the lever will by its movement indi- 
cate the extent and duration of the shortening. If the point 
of the lever be brought to bear on some rapidly travelling sur- 
face on which it leaves mark (being for this purpose armed 
with a pen and ink if the surface be plain paper, or with a 
bristle or needle if the surface be smoked glass or paper), 0 
long as the musele remains at rest the lever will describe an 
even linc, When, however, # contraction takes place, as when 
single induction-shock is sent through the nerye, some such 
curve as that shown in Fig. 14 will be described, the lever 
rising with the shortening of the musele, and descending as 
the muscle returns to its natural length. This is known ns 
the “mwusele-curve.” In order to make the “ muscle-curve” 
complete, i it is necessary to mark on the recording surface the 
exact time at which thé induction-shock is sent into the nerve, 

7 
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A. The moist chamber containing the musclenerve preparation. (‘The muscle-nerve 
and clectrode:hoMer arc shown ou alarger scale in Fig, 1%) ‘The muscle mr, sup- 
ported by the clamp ef, which fiemly grasps the end of the fernur_/, ix connected 
by womins of the S beok ¢ and a thread with the lever /, placed below the moist 
chamber. The nerve x, with the portion of the spinal column #” still attached to 
It, ts placed on the slectrede-holder ef, in contact with the wires x,y. The whole 
of the interne of the glass case gf, Is kept savirated with moisture, and the 
‘dlecerode-holder la so comtructed that a piece of moistened blotting-paper may be 
Placed on ft wishout coming imo contact with the nerve, 

F The revolving cylinder bearing the smoked paper on which thelever writes. 

c ao: key arranged for short-cireulting. ‘The wires x and y of the 

slectrode-holder are connected through binding screws in the floor of the moist 
chamber with the wires a/,y/, and these are secured in the key, one on either 
site, ‘To the saime key are attached the wires x” y” coming from the secondary 
toils, ¢. of the Induction-machine 2, This secondary coll can be made to slide 
“up and down over the primary coil Ar. ¢., with which are connected the two wires 
4 aid y"_ 22° in conn ceted direetly with ove pole, for Instance the copper pole 
6A. ofthe AK. 9 is carried to a binding ucrew a of the Morne key F,and 
le continued as 97” from another binding screw 4 of the key to the sinc pole «, #. 
of the bartesy. 


Supposing everything 10 be arranged, nnd the bastery charged, on depressing the 
honille Ae, of the Mone key F, a current will be maide io the primary coil fr. ¢., pass 
‘ing trim & J, tsoogh x" to pr. c.,and thence through y" 10 a, thence to , and 30 
thorough 9° to =. A. Ow removing the finger from the handle of #, « spring thrusts 
up the hanille, ana the pritsary eirewit is in consequence immediately broken. 

Al tive fentant that the primary current is either made or broken, an Induced current 
in for the inisant @eveloped in the secondary coll +. ¢. If the cross-bar A, Inthe Du Bois- 
Reymond's key be raived (as abown in the thick line in the figure), the wires 2", 2,2, 
the nerve between the electrodes, apd the wires y, x, 7", form the complete secondary 
irowit, and the warve consequestly experiences a making or breaking induction-shock 
whesever the peitmary current Is made or broken. If th 
mond key ba shut down, ax'in the dotted line A” In the figure, the resistance of the cross= 
Ive is 60 slight Compared with that of the verve ard of the wires going frum the k 
the eree, that the whole secomdary (Induced) current passes from x" to 7” 

(0 477) along the cross-bar, net ome passes into the nerve, The verve being thus short- 
circuited, is wet affected by any changes in the current, 


and a to ete the speed at which the recording surface is 
travelling. peg aro best effected by means of the 
pendulum ed iar Fig. 15.) 


Tn this instrument a smoked-glass plate, on which a lever writes, 
swings rs a stot The 3 luni with the glass plate at- 
tached beit tpg es is suddenly let go. It swings of course to 


Bite ttlm ts ‘h an are of’ a circle, 
ee the point of the lever deserihes = 
“iin ‘Tho rate moll ‘the glass plate travels, 7. ¢., 
takes for the lever-polnt to deseribe a line of a given 
glass plate, may be ealentated from the length of the 
Hulam, bert it is “Ape and easier to place a vibrating tur 
immediately under tof the lever. If the vibrati 
tuning-fork are cells be peat ot mumber of vibrations whi 


the opy 
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marked on the plate between any two points on the line described 
by the lever gives the time taken by the lever in_passing from ane 
point to the other. An easy arrangement permits the exact time 


Fo. 13. 


Fig. 1. —The mmascié-nerve preparation of Fig. 12, with the 
electrode-bolder, are bere abown larger scale. The letters 
form af clectrode-holder figuied is + convenient cue for general purposes, but many 
other fore are i tse. 


at which the shock is sent. through the norve to be marked on the 
line of the lever, My avoid too many markings on the plate, the 
Pendiliin aie deeteiese, are is caught by a spring catch on the 


one Fro 


A Muscle Curve obtained by meana of the Pendulum Myograph. 
Te be read from left to right. 
@ indicaves the moment at which the indaction-shock is sent into the mere: 4 the com. 
mencereent,¢ the umaalmum, ard d the close of th» contraction, ‘The two smaller 
‘curves sasompliang the Ineger ove are du 10 oscillations of the lever. 


Below the wancle-corve is the curve drawn by 4 toning fore making 19 dowtle vibea- 
thong & seeded, endl Wemplen cnrve representing therefore yhy of « secomd, 1 will be 
observed thet theglate of the myorraph wes travelling sure rapidly towards the close 
than at the begialing of the contraction, ax shows by the greater length of the viten 
‘Hon curves. 
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The Pendalim Myograph 
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_ The igure i+ diagrammatic, the ewentials only of the instrument being shown. ‘The 
Tmobed-glass plate A swings on the “seconds” pendulum J by means of carefully 
adjaited bearings at C The conteivances by which the glass plave can be removed and 
replaced at pleastire are not shows. A second gla plate xo arranged that the first 
ginis plate may be moved up and dows without altering the «wing of the pendulum ts 
also otitted. Before an experiment che pendulum is raised up (in the 
figure to the right), and la kept in that position by che taoth # catchiog on the apring- 
catch &. On depressing the catch 4 she glass plate is set free, swings into the new pos! 
thom indicated oy the Gettod lines, and is held in that position by the tooth #' carchiog om 
the catch M. In the couzye of ite nwing the tooth «” coming into contact with the pro- 
Jecting sitet rod ¢, knocks iron one side teto the position indicated by the dotted line e, 
‘The red ¢ is an electric continuity with the wire xef the primary ceil of an inducsion> 
machine, ‘The screw d i similarly in electric continuity with the wire y of the same 
primary coll, ‘The screw of and che rod ¢ arearmed with platinum at the points in which 
they are ba contact, amd both are jusulated by ments of the ebonite black ¢. As long as 
e and od are in contact the circuit of the primary coil to whith x and y belong is closed. 
‘Whee in ite swing the tooth a! knocks ¢ away from q, at that inuant the circuit ie 


anely below the lewer, sceves to saark she time, 


A complete musele-curve, such as that shown in Fig. 14, 
peep the gastrocnemius of 2 frog, teaches ux the follow- 
ing é 


although the passage of the induced current from 
to electrode ix practically instantaneous, its effect, 
from the entrance of the Shock into the nerve to the 
to its-natural length after the shortening, 

Tn the figure, the whole curve from 

same time as eighteen double yibra- 

Since each double vibration repre- 

of a second, the duration of the whole curve was yy 


first portion of this period, from a to b, there is 
change, no shortening of the musele, no raising of 
3. Tt is not until 2, that is to say after the lapse of 2h 
i.¢, about > second, thatthe shortening begins. ‘The shorten- 
ing as shown by the curve is at first slow, but s00n becomes 
more rapid, ‘then slackens again until it reathes « maximum 
at 0; the whole shortening occupying about #5 second, 
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4. Arrived at the maximum of shortening, the muscle at 
once begins to relax, hey ver dedveriding at first slowly, then 
very rapidly, and at last soore slowly again, until at d the 
muscle has regained its natyrallength;. the whole return from 
the maximum of contraction tothe matural length occupying 
Thy, & 4, about fy second. 

us a simple muscular contraction, a simple spasm as it 
is sometimes called, produced by a momentary stimulus, such 
vel an instantaneous induction-shock, consists of three main 

3 


1. A phase antecedent to any visible alteration in the 
muscle, ‘This phase, during which invisible preparatory 
chi are taking place in the nerve and muscle, is often 

the “latént period,” 


2. A phase of shortening or contraction, more strictly so 


8. A phase of relaxation or return to the original length. 


In the case we are considering, the electrodes are supposed 
to be applied to the nerve at some distance from the muscle, 
Consequently the latent period of the curve comprises not only 
the preparatory actions going on in the muscle itself, but also 
the changes necessary to conduct the immediate effect of the 
induetion-shock from the part of the nerve between the elec- 
trodes, along a considerable length of nerve down to the muscle, 
Tt is obyious that these latter changes might be eliminated by 
placing the electrodes on the muscle itself or on the nerve 
close to the muscle. If this were done, the muscle and le 
being exactly as before, and care were taken that the induction- 
shock entered into the nerve at the new spot, at the moment 
when the point of the lever had reached exactly the same 
point of the travelling surface as before, a curve like that 
shawn by the plain line in Fig. 16 would be gained. It 
révembles the first curve (indicated in the figure by a dotted 
line) in all points, except that the latent period 
the contraction begins rather earlier. From t 
two fitets : 


1, The greater part of the Intent period is taken up by 
changes in the muscle itself, preparatory to the actual visible 
shortening, for the two latent periods do not differ nm i 
course, even in the second case, the latent period includes the 


“ - 
—_ _ 
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going on in the short piece of nerve still lying between 
and the muscular fibres, ‘To eliminate this with 
period in’ the muscle itself, 

placed directly on the muscle poisoned 


Fro. 18. 
a 


neta aaaaamaammaaaaed 


Curves (limtrating the Measurement of the Velocity of a Nervous Tampalse, (Diagram: 
matic.) To be read frem left to right,” 


“The same muncle-nerve preparation is stimalaned (1) as far as porsible from the muscle, 
(2) ns ear as poasitie to che muscle: both contractions are registered by the pendulum 
myographlon exactly is the same way. 

Inn (1) the stimtas enters the werve at the time Indicated by the line a, the contrece 
tiom shows by the dotted line begins at 4”; the whale latent petiod, therefore, is indi- 
cated by che Glexance from a to &. 

Tn (2) the silmealus esters the neree at exactly the same tive a; the centzaction, 
shows hy the wibeokes line, begies at6; the latent period, therefore, ia indicated by the 
diszance berween «and 5, 

‘The tine taken Wp by the nervous Impulse in passing alowg the lengih of serve between 
1 ancl 2 in therefore indicated by the distance between 5 and 2, which may be measured 
oy the pusingsfork curve below. N.B.—No valoe la given Inthe figere for the vibra- 
thoes of the tuning fork, since the figure tx diagrammatic, the distance heween the two 
‘carver, ax compared with ube bength of either, having been purpesely exaggerated for the 
wake of alziplicity. 


with urari. If this were done, it would still be found that the 
dae eee ket up by changes in the muscular 
as distinguished from 


nervous elements. 


2. Such difference as Clay ogee gestions the time taken up 
i ied ¢ piece of nerve, of the changes 

at tbe far end of the nerve by the induction-shock. 
changes we shall hereafter of as constituting @ 
impulse; and the above experiment shows that it 
some appreciable time for a nervous impulse to travel 
a nerve. In the figure the difference between the two 
the distance between 6 and 4’, seems almost too 


RE 
E 


7 


bE 


te measure Sania A if a long piece of nerve be 


i 


an recording surface be made to 
the difference between the duration of the 
the inductionshock is sent in at a point 


i 
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close to the muscle, and that when it is sent in at 

far uway ax powible from the muscle, may be iy 
measured in frictions of a second. If the length of nerve 
between the two points be accurately measured, the rate at 
which a nervous impulse travels along the nerve to a muscle 
can be easily calculated. This has been found to be in the 
frog about twenty-cight, and in man about thirty-three meters 
per second. 


‘Thus when a momentary stimulus, such as # single induction- 
shock, is sent into a nerve connected with a Leary the follow- 
ing events take place: 


1, The generation at the spot stiraulated of a nervous impulse, 
and the propagation of the impulse along the n to the 
muscle. time taken up by this varies according to the 

of the nerve. For the same length of nerve it is toler- 
ably constant. 


2. The setting-up of certain molecular changes in the muscle, 
unaccompanied by any visible alteration in its form, constitut- 
ing the latent period, and occupying on an average about y}yth 
second. The time taken up by the latent period varies some- 
what according to circumstances, 


3. The shortening of a muscle up to a maximum, occupying 
about y$gth second. 


4. The return of a muscle to its former length, occupying 
about yfyth seeond. Both these Inst events vary much in 
duration according to cireumstances* 


Tetanie Contractions. 


If a single induction-shock be followed at a sufficiently shart 
interval by a second shock of the same strength, the first simple 
contraction or spasm will be followed by a second spasm, the 
two bearing such relation to each other as that shown by the 
curve in Fig. 17, where the interval between 9 shocks 





1 The measurements here stated are thote ordinarily given. The 
garve described in the provious text happened to hare a rather 1ong 
ny 


Intent partod, and the bengthening to be of shorter instead of longer 
duration than the shortening. 
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was long enough to allow the first to have 
oeeesioace iets tn lat pind ts cad ee 
Tell a cheacyed that themeccnl curve is alméet in all 


‘Tracing of a Double Muscle-Curve, ‘To be oad from left oo righe, 


‘While the susie! was engaged io the first contraction (whose complete course, had 
wothing imervesed, is indicated by the dotted line}, a second induction-sheck was 
thrown inj at tach a time that the secosd costraction began just as the first was begin- 


it contract again just a it be te huve done if there had been 

ee oS mmscle had been at rest, The two 

moult ave be and the lever raised nearly 

Soule terheehe i would been. are either alone, A more 

or Jess similar result would the second contraction 

began at other Mean oak ‘The combined effect is, 
of course, 


Ti, 
in 
on short interval, a third sate 
recon, ‘Th ae with fourth, nd 
ps geome Shocks tre piven, tt is found thot 


Seca it ah ea subject to the depress- 
oe exhaustion, as long-as the shocks are repeated. 


¥Inm this and the other curves of this section, the tracings figured 
were taken from frog's muscle, 
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When these cease to be given, the musele returns, in the usual 
way, at first very rapidly, and then more slowly, to ite natural 


Iength. When’ the shocks do not suceced each other toa 


rapidly, the individual contractions may readily be traced 
along the whole curve, as is scen in Fig. 15, where the primary 
current of the induction-machine was repeatedly broken at 


Fro. 18, 


Muacle thrown into Tetanus, when the Primary Current of sa Induction-Michine. is 
repeatedly broken at Intervals of sixteen In a xecond. 
To be reat trom tett 10 righs 


‘The upper line ls that described by the muscle, ‘The lower marks time the intervals 
between the elevations indicating seconds. The intermediate line shows when the 
ahecks were sent io, each inark on it corresponding to a shock. ‘The lever, which de- 
scribes a straight line before the shocks are allowed to Gall into the nerve, rises almoat 
‘vertically (the recording surface travelling im this case slowly} as soon as the first shock 
enters the nerve at@. Having risen to a certain height, it begias 10 fall again, bur fo its 
fall is raised once more by the second shock, and that to. greater height than before. 
‘The third and eacceeding shocks have similar effect, the muscle continuing to become 
shorter, though the shortening ax each shock Is lets After awhile the increase in the 
‘Hota! shortening of the muscle, though the fadividual contractions are sti visible, almose 
ceares, At 4 the shocks cease to be sent into the verve; the contractions almaat imt- 
mediately disappear, and the lever forthwith commences to descend, The muscle being 
lighaly beaded, the deses ‘very gradual; the muscle had not regained its natural length. 
when the tracing was stopped. x 


intervals of sixteen in a second. When the shocks suceeed 
each other more rapidly, the individual contractions, visible 
at first, may become fused together and lost to view as the 
tetanus continues and the muscle becomes tired. When the 
shocks succeed each other still more rapidly (the second con- 
traction ning in the ascending portion of the first), it 
becomes lt or impossible to trace out the single eon- 
tractions, The curve then described by the lever is of the 
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kind shown in Fig. 19, where the ey ete of an in- 
duetion-anachine was rapidly made and broken by the magnetic 
Fig, 2. 
e 
zg 


‘Tetamues produced with the ordimry Magnetic Tmerruptor of an Induction- Machine. 
(Recording surface travelling lowly.) To be read trom left to sight. 
‘The Interrupced corrent hulog thrown in at a the lever rives rapidly, bux ar & the muse 
cle reaches the maximum of coatraction, This fe coutinoed till ¢, when the current is 
shut off and rebaxation commences. 


interruptor, Fig. 20. The lever, it will be observed, rises at a 


after latent period (which is not marked), first rapidly, 
and then more Sowiy, in av apparently unbroken line to a 


ie Interruptce, 


The Magactic A 
‘The figere be introduced to Mantrate the action of this Instrement as commonly used 
by Prrttatogian. 
“Th tw wires andy fioen the battery are coonected wich the two bros pillars a and 
2 by resin oh sceews, Dineerly. contact is thus mate the current, Indicated In che 
7 
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figure by the “Asch interrupted line, passes in the direction of the arrows, up the pillar 
a, long the steel spring 4, as far as the screw c, the point of which, armed with platl- 
um, ix In contact wich a small platinm plate on 8, ‘The current passes from é chrough 
€ and a connecting wire into the primary coils. Upon its entering into the pritmary coll, 
‘an induced (making) current is for the instant developed in the secondary coll (not shown 
inthe figure). From the primary coll the current passes, by a connecting wire, through 
the double spiral, wr, and, did nothing happen, would ovotinue to pass from my by & com: 

necting wire to the pillar d, and 30 by the wire y to the buttery. The whole of this 
‘cour Ia indicated by the thick interrupted Une with Its arrows. 

‘As the current however passes through the spirals av, the fron cores of these are made 
magnetic. They In consequence draw down the iron bar ¢, fixed at the end of the spring 
4, the flexibility of the spring allowing this, But when ¢ ix drawn down, the platinum 
plate en the upper surace of ¢ is also drawn away from the screw «, and m similar platl: 
trum plate on the wmder surface of 8 is brouglt into contact with the platinum-armed 
point of the screw-/, the acrews being s0 arranged that this takex place, In consequence 
off this change the current can no tonger pass from 8 to.<, On the contrary, it pastes 
from $ 15, and so down the pillar o, in the direction Indicated by the e&im interrupted 
line, and out to the hattery by the wire y. ‘Thus the current is “whort-cireuited"* from 
the primary coll: and the Instant that the current is thus cut off from the primary coll, 
um indaced (beewking) cuerent is for the moment developed in the secondary coll. But 
the caerent it cut off not only from the primary coil, but also from the spirals me; in 
‘coavequence their cores ceane to be magnetized, the bar ¢ ceanes to be attracted by them, 
and the spring 4, by virtue of its clawticixy, resumes its former position in contact with, 
the screw <, Thi return of the apring, however, re-establithes the current én the priv 
mary coll and in the spirals, and the spring is drawn down, to be released once more ta. 
the aamme manner as before. Thus as long ws the current is passing along .r, the contact 
of #\s concantly alterrating between ¢ and /, and the current js constantly passing into 

ff from fp, the periods of alternation being determined 
vibration of the spring &. With each passage of the current into or withdrawal from 
the primary coll, am Induced (taking and, respectively, breaking shock is developed in 
the secondary coil 


maximum at about 6, maintains the maximum so long as the 
shocks continue to be given, and when these cease to be given, 
#8 at ¢, gradually descends to the base-line. This condition 
of muscle, brought about by rapidly repeated shocks, this 
fusion of a number of simple spasms into an apparently 
smooth, continuous effort, is known as tetanus, or tetanic con- 
traction. The above facts are most clearly shown when in- 
duction-shoeks, or at least galvanic currenis in some form or 
other, are employed. They are seen, however, whatever be 
the form of stimulus employed. ‘Thus in the cxse of mechanical 
stimuli, while a tingle low may cause a single spasm, a pro- 
nounced tetanus may be obtained by rapidly striking sueces- 
sively fresh portions of a nerve. With che eae 
as when a nerve is dipped in acid, it is impo 

momentary application; hence tetanus, generally irr 
character, is the normal result of this mode of stimulation, 
Jn the living body, the contractions of the striated muscles, 
brought about cither by the will or by reflex action, are 
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, it will be readily understood 
vibrating bodies, gives out a sound. 


thrown into tetanus by the will or by 
irect stimulation of the spinal cord, in 
the netion of the central nervous 
always heard, viz., one indicating 


p heard is one indicating 39 (36 to 40) vibrations 
‘| ; an harmonic of the primary note of 


be said that a single muscular contraction, 
cannot cause a muscular sound. 
observations which have been described in 
may, When proper precautions are taken, be ear- 
@ muscle-nerve preparation from a fog for a very 
time after ite remoyal from the body. After 


muscle 

anda 

time afterwards the musele may be observed se into 
peculiar condition known as rigor mortis, in which it loses 
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all the suppleness and extensibility characteristic of the liv- 
ing irritable muscle. The causes of this loss of irritability, 
as well as the features and nature of this rigor mortis, we 
shall study in detail presently. 

‘The muscles and nerves of a mammal, or, indeed, of any 
warm-blooded animal, lose their irritability, and the muscles 
become rigid in a very short time (it may be a few minutes) 
after removal from the body. Hence these are less suitable 
for experiments than the muscles and nerves of the frog, 
though their general phenomena are exactly the same. 

We must now attempt to study in greater detail the 
changes which take piace in a muscle and nerve during the 
contraction of the former and the passage of an impulse 
along the latter, with a view to the better understanding of 
both events, 


2. Tue Coaxces mx a Mosone puriG Mescunar 
Coxrraction, 


The Change in Form. 


We have seen that, at the close of the latent period, the 
muscle shortens; that is, each fibre shortens, at first slowly, 
then more rapidly, and lastly, more slowly again. ‘The shortens 
ing (which, in severe tetanus, may amount to three-fifths of the 
length of the muscle) is accompanied by net exactly 
corresponding thickening, so that there is hardly any actual 
change in bulk. [A very delicate and effici 
termining that the muscle does not cha 
tracting is by suspending a musele and nerve preparation by 
electrodes in a tightly-stoppered bottle, having a graduated 
capillary tube projecting above the cork. The bottle is filled 
with water, and the tube but partially Stim then 
applied to the nerve, which causes the mus tract. If 
the waterline in thé tube is observed, no change will be ap- 
preciable. (Marey.)] If a muscle be placed horizontally, 
and lever lnid upon it, the thickening of the muscle will 
raise ap the lever, and cause i » recording 
surface a curye exactly like that described by a le 
to the end of the muscle. There appears to be a minute dimi- 
nution of bulk not amounting to more than one-thousandth. 

If a long musele of parallel fibres, poisoned with urs 
28 to eliminate the action of its nerves, be stimulated at one 
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end, the contraction may be seen, almost with the naked eye, 
to start from the end stimulated, and to travel along the 
muscle. If two levers be made to rest ¢ be suspended 
from, two points of such a muscle placed horizontally, the 
points being at a known distance from each other and from 
the point stimulated, the progress of the contraction may be 
studied. It ix found that the contraction starting from the 
spot stimulated pnsses along the muscle in the form of a wave, 

iminishing in vigor as it proceeds. The velocity with whieh 


[Fra 24 


Muscular Fibre, with termisation of Motor Nerve, bom the Gartrocnemin of che Rana 
wed nervedbre ; 8, Imramuscular caked 
d, clavate extremities of the nerve: £, 


dilation of the nerve. After Commarens,} 


this contraction-wave travels in the muscles of the frog is about 
three or four meters a second; and since it takes, in 
numbers, from about .05 to 1 second for the contraction to 
pase over uny print of the fibre, the wave-length of the con- 
traction-wave must be from about 200 to 400 mm, 


Bernstein’ gives the velocity of the contruction-wave in the frog 
as alyatt three to four (3.869), its doration as .0533 to 084 seconds, 
snd bene ite wave-longth as from [98 to 200 mm. In the dog, 
Bernetein and Steiner’ find the velocity of the wave about the same, 

i 589, but the duration much longer, yiz., .27 to .4975 second, 
indieating a much more extended wave; but this was probably d 
to the abnormal condition of the muscle, since th ation of the 
wave in the untouched nystles of the rabbit more nearly agreed 


ntorsuch. td, Breogungevorgang in Norven-und Muskelsysteme, 


1871, p. 84. 
s Paliger’s Archiv, x (1875), 48. 
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with that of the frog. Hermann’ makes the rate in the frog about 
three meters, or rather lex Acby had previously. given .8—1.2 
meters per second, and Engelmann 1.17 m. per second as the velocity. 

The velocity is increased by an elevation, and diminished by a 
lowering of temperature, but is not affected by variations in the load. 


Seeing that the extreme limit of the length of a muscular 
fibre is about 30 or 40 mm., it is evident that, even when the 
stimulation begins at one end, the whole fibre is not only in a 
state of contraction at the same time, but almost in the same 

Wo 8 phase of the contraction-wave. 
an ordinary contraction occurring 
in the living body the stimulus is 
never applied to one end of the 
fibre; nervous impulse, which 
in such cases acts as the stimulus 
to the muscle, falls into the fibre at 
about its middle, where the nerve 
ends in an end-plate (Fig. 21), and 
the contraction-wave starting from 
the end-plate travels along the mus- 
cular fibre in both directions. 
such a case, therefore, still more 
even than in the urarized muscle 
stimulated artificially at one end, 
must the whole fibre be oceupied 
at the same time by the wave of 
contraction, 


Changes in Microscopic Struct- 
ure—When portions of living irri- 
Muscular Fitice uaderguing Ceo table muscle are examined under the 
lenges microscope, contraction-wayes sim- 
‘The muscle Wshatet Teiefherst ilar to those just described, b 
inelanaras treated with omc ¢Od,Jer and of shorter length, 4 
acid The fibre at ¢ ie at pest, at a 
athe contmcsion begins, abi hax De Observed passing along the fibres, 
reached iis imaxitwan, ‘The right By appropriate treatment with oamic 
Nard side of the figure stows the acid or other reagents, these short 
sane Resmseeeninycaceedli@h. contraction-waves may be fixed, and 
mah the structure of the contracted por- 
tion compared at leisure with that of the portions of the fibre 
at rest. In Fig. 22, representing a fibre of the muscle of an 
insect (in which these changes can be more satisfactorily 
studied than in vertebrate muscle), the contraction-wave be- 


' Archiv f. Anat. 0. Phys,, 1875, p. 626. 
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re and the light band 1 ith 
i zis sailed at y, wil 

markings y', is together lighter than the dim 

in the fully contracted part of the fibre the dim 

ight compare wi he black ine y ocepy 

the previously light band. In the contracted 

speghital eter bapkctpr ar Satta, 2 in the 

the light band (or part of the light band) of 

becomes dark, and the dim band of 

ht. Between rest and 

posectian. i as at d, in 

the distinetion cit dim and bright bands geems to 

eae ‘The subject, however, is one offering peculiar 

investigation ; andp while most ob- 

facts which have just been stated, 

iversity of opinion concerning further details, 


ana as to the interpretation of the various appear 

cd The accessory markings in the middle of the 
Tight band have, in particular, been the subject of controver- 
sics into which we cannot enter here. 


_ When the fibre is examined in_ polarized light it is seen that the 
u and the fi ie band wholly isotropic, the ac- 
the light not being recognizable in 
r - ae during all the phases of the con- 
any confusion between the aniso- 
j these maintain thoir relative positions, 
a Mes it will be observed that the 
cht to i much greater extent 
iter in appears to 
pric =i tt alae“ 


Relaxation —The shortening as we have seen is followed by 
a relaxation, the muscle returning to its original length. This 
is poate Bey -about by the elastic reaction of the muscular sub- 
‘The application of an extending force, though 

onl, qt ‘not necessary. 


‘The muscles in their natural position in the body, where they 
|, Peturn completely and rapidly 


+ Eogelmann, Pigoe's Archie, 3 xvill (1878), p. 1. 
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ength, even after a powerful and prolonged contraction, 
‘the return, especially in muscles which are not, loaded, 
incomplete. ‘The amount of this deti- 
Is on the nutritive condition of the mus- 


A muscular contraction appears then to be essentially a 
translocation of molecules. we were to represent a portion 
of muscular substance at reat by four rows of molecules four 
abreast as in Fig. 23, the contraction might be represented by 

the four rows of four shifting into 

two rows of eight; and the sub- 

sequent relaxation bya retarn into 

four rows, We cannot at present 

givenny satisfactory molecular ex- 

lanation of this translocation, 

even when we have studied the chemical and other events, to 
be described immediately, which ny and are doubtless 
the eause of the change of form. And there is a remarkable 


alan characteristic of the contracted state which shows 
ow complex and peculiar is the act of contraction. Living 
muscle at rest is very extensible, but a stretched musele after 
the extending cause has been removed returns rapidly and 
com tals to its former length. In physical lan; 


cle is mn Of as possessing slight but perfect. clast 

might be imagined that during a contraction this extensibility 
would be diminished in order that none of the resistance which 
the muscle had to overcome, no part of the weight for instance 
which had to be lifted, should be wasted in stretching the 
muscle itself. On the contrary, we find that during « contrac 
tion there is a marked inerense of extensibility; thus, if a 
muscle at rest be loaded with a given weight, sry 50 grams, 
and its extension observed, und be then while unloaded thrown 
into tetanus, and the load applied during the tetanus, the ex- 
tension in the second case will be distinctly greater than in the 
first. During the contraction there is so tospenk a greater mo- 
bility of the muscular molecules, and the loaded muscle has 
in contracting to overcome its own tendency to lengthen on 
extension before it can produce any effect on the weight which 
it has to lift, 


When a musele is extended by a series of weights increasing in 


1 Of, Tiogel, PAager's Archiv, xiii (1876), p. 71. 
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it the curve (obtained by making the weights abscissa 
the extensions ordinates) is not a straight line, as is the case 
with dead olsstic bodies, bat a hyperbola, 


The elasticity or extensibility of the muscular substanee is 
essentially a vital property, ¢.¢,, is dependent on the same nu- 
tritive factors as the irritability of muscular substance. 
As the muscular substance becomes weary with too much 
work or impoverished by scanty nutrition, its paaiaty suffers 
pari passe with its irritability. The exhausted muscle when 
extended does not return so readil: Pale perp Haeaaae Mi 
fresh active muscle, and, as we see, the dead muscle does 


Electrical Changes. 


Muscle-Currents.—If a muscle be removed in an ordinary 
manner from the body, and two non-polarizable electrodes," 





‘These » 24) consist mooi of a alip of thoroughly amalga- 
mated zinc dipping into & saturated solution of zine sulphate, which 
in turn is brought into connection with the nerve or muscle by means 


Foo 4, 


a 
Nos petarired Electrodes. 


a the glans tube; ¢, the amalgamated sinc slips coanected with their reapective wires; 
& &, the cine milphate soletion: oA. ¢., the plug of chiseclay; ©, the portion of the 
cchina-ciay phig peujecting frum the eed of the tute; this can de mealded into any re- 
‘qntred form, 
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connected with a delicate alvanometer of many convolutions, 
be placed on two points of the surface of thé musele, a de 
flection of the galvanometer will take place indicating the 
existence of a current passing Mhroug the gulvanometer 
from the one point of the muscle to the other, the direction 
and amount of the deflection varying according to the posi- 


\ 
‘ 
’ 
' 
4 
| 
/ 


Diagram Mlustrating the Electric Currents of 


Being purely diagrammatic, It may serve for a piece either of nerve or of muscle, ex- 
cept (hat che currents at the teansverse section cannot be shown in a nerre. ‘The ar 
rows show the direction of the current through the galvanometer. 


4, the equator. ‘The strongest currents are those shown by the dark lines, as from 
a, at equater, to or y at the ut ends. ‘The current from a to ¢ is weaker than 
from a to y, though both, as shown by the arrows, have the xame direction, A current 
is shown from ¢, which is near the equator, tof, which Is farther from the equator. 
‘The current (in muscle) feom & point in the circumference to u point nearer the centre 
of the transverse section ix shown argh. From a to 8 or from x toy there is no cur- 
Tent as indicared by the broken tees. 


tion of the points. The “muscle-currents” thus revealed 
aré scen to the best advantage when the muscle chosen is a 
lindrical or prismatic one with parallel fibres, and when 
two tendinous ends are ent off by clean incisions at right 
les to the long axis of the muscle. The muscle then 
presents an (artificial) transverse section at each end and a 
than do simple platinum or Li sict electrodes. The clay affords a con- 
nection between the zine and the tissee which neither acts on tho tise 
nor is acted on by the tissue. Contact of any tissue with copper or 
Platinum is in itself sufficient to develop a current, 
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speak of the latter as being 
wal parts by an imaginary transverse 
lied the “equator,” containing all the 
ta of the surface midway between the two ends, Fig. 25 
i matic representation of such a muscle, the line 
equator. In such a muscle the development of 
ts is found to be as follows: 
deflection is observed when one electrode is 
eqridioe: Af tee. mire, mndlees 


es 


£E 


|. If, one electrode remaining at the equa- 
sepa eee nine omy sie out snd to a opot e:neerer-to 


, the current continues to have the same direction, 
bat is of less intensity in tion to the nearness of the 
electrodes to each other. two electrodes be placed at 
unequal distances ¢ and f, one on either side of the equator, 
there will be a feeble current from the one nearer the equator 
Seana anced iebaccnrrent will be the feebler the 
more near! are equi it from the equator. If they 
are quite eieitetant, a2 for instance when one is placed on 
the eut end x, and the other on the other cut end y, there will 
be no current at all. 

If one electrode be placed at the circumference of the 
transverse section and the other at the centre of the trans- 
verse section, there will be a current through the gulvanom- 
eter from the former to the latter; there will be a current of 
similar direction but of less intensity when one electrode is 
at the circumference g of the transverse section and the other 
= an th enivies Cone aoe the transverse section. 

points which are relatively most positive and most 
negative to each other are points on the equator and the two 
centres of the transverse sections; and the intensity of the 
current between any oD will depend on the respective 
distances of those points from the equator and from the cen- 
tres. of the tranaverse sections. 

Similar currents may be observed when the longitudinal 
wirface is not a natural but an artificial one; indeed they 
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muy be witnessed in even a piece of muscle provided it be of 
cylindrical shape and composed of parallel fibres. 

‘These natural “ musele-currents” are not mere transitory 
currents disappearing as soon as the circuit is closed; on the 
contrary they last a very considerable time, They must 
therefore be maintained by some changes going on in the 
muscle, by continued chemical action in fact, hey disap- 
pear us the irritability of the muscle vanishes, and therefore 
may be su ed to be connected with those nutritive, s0- 
called yital chunges which maintain the irritability of the 
muscle, 

Muscle-currents such as have just been described may, we 
repeat, be observed in any cylindrical muscle suitably pre- 
red, and similar currents, with variations which need not 
te dexeribed here, may be seen in muscles of irregular shape 
with obliquely or otherwise arranged fibres. And Du Bors 
ond, to whom chiefly we are indebted for our knowledge 
of these currents, has been led to regard them as essential and 
important properties of living muscle. He has moreover ad- 
yanced the theory that muscle may be considered as composed 
of electro-motiye particles or molecules, each of which like 
the musele at large has « positive equator and negative ends, 
the whole muscle being made up of these molecules in some- 
what the same way (to use an illustration which must not 
however be strai: or considered as an exact one) as a mag- 
net may be supposed to be made up of magnetic particles 
each with its north and south pole, 

‘There are reasons, however, for thinking that these muscle- 
currents haye no such fundamental origin, that they are in 
fact of surface and indeed of artificial origin. Without en- 
tering Ia ly into the controversy on this question (some de- 
tails of which will be found in a subsequent section in small 
print), the following important facts may be mentioned. 


L. When « muscle is examined while it still retains un- 
touched its natural tendinous terminations, the currents are 
much less than when artificial transverse sections have been 
made. The natural tendinous end is less negative than the 
cut surface, In some cases it may be even positive relatively 
to the longitudinal surface. But the tendinous end becomes 
at once negative when it is dipped in water or acid, indeed 
when it is in any way injured. The less roughly in fact a 
muscle is treated the less evident are the muscle-currenta, and 
Hermann has shown that if proper care be taken a muscle 
may beso removed from the body as to give only currents 
which are hardly appreciable. 
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Star sacar oh aekrs Wah ra crenata ati iY 
inactiye® ventricle of the frog’s heart is isoelectric, i. ¢, that 
no current is obtained when the electrodes are placed on any 
two points of the surface. Lf, however, any part of the sur- 


the injured 
# cut surface 
Fie (eartciadoipeaitakings « steshiienbtasd easposlng » 


wz 


is cut or injured the substance of the 
cut or injured surface. And certain au- 
whom the meet prominent is Hermann, have 
and other facts to the conclusion that 
do not exist naturally in untouched muscles, 
muscular substance is naturally, when living, isoclec- 
that whenever a portion of the muscular substance 
A jive to the living substance, 
to currents. They explain the typical 
they might be called) manifested by a muscle 
tudinal surface and artificial transverse 
dying cut ends are negative rela- 

pees arate pee 
ese with him special expla- 
of other objections which fume 
of naturally existing electro- 
we cannot enter here. We 


HEE 


EF 


arguments may be adduced in favor of the 
its are not “natural” phenomena, but 
ial origin. It will therefore be best to 
them as“ currents of rest.” 


Mascle-Current—The contro- 
it2 of reat” observable in a muscle 
does not affeet the truth or the 
electrical change takes place 
p. 166. 
ire will be soon subsequently. 
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in a muscle whenever it enters into a contraction, When 
currents of rest are observable in a muscle these are found to 
undergo » diminution at the onset of a contraction, and this 
diminution is spoken of as “the negative variation” of the 
currents of rest, The negative variation may be seen when 
the muscle is thrown into a single contraction, but is most 
readily shown when the muscle is tetanized. Thus if a pair 
of electrodes be placed on a muscle, one at the equator and 
the other at or near the transverse section, so that a consider- 
able deflection of the galvanometer needle, indicating a con- 
siderable current of rest, be gained, the needle of the galva- 
nometer will, when the muscle is tetanized by an interrupted 
current sent through its nerve (st a point too far from the 
tauscle to allow any escape of the current into the electrodes 
connected with the galvyanometer), swing back towards zero ; 
it returns to its original deflection when the tetanizing current 
ee a ly be hi by th 
lis negative variation may not only be shown by the 
yanometer, but it, as well as ths current of rest, may be a 
a3 a galvanic shock and so employed to stimulate a muscle, 
as in the experiment known as “the rheoseopic frog” For 
this purpose very irritable muscles and nerves in thoroughly 
oad condition are required. Two musele-nerve preparations, 
A and B, having been made, and each placed on a glass plate 
for the suke of insulation, the nerve of the one, B, is allowed 
to fall on the musele of the other, A, in such a way that one 
point of the nerve comes in contact with the equator of the 
musele, and another point with one end of the muscle or with 
4 point at some distance from the equator. At the moment 
nerve is let fall and contact made, a current, viz. the 
“current of rest" of the muscle A passes through the nerve; 
this acts as a stimulus to the nerve, and so causes a contrac- 
tion in the muscle connected with the nerve. Thus the mus- 
cle A acts as a battery, the completion of the circuit of whieh 
by means of the nerve of B serves as a stimulus, causing the 
musele B to contract. i 
If while the nerve of B ix still in contact with the musele 
of A, the nerve of the latter ix tetanized with an interrupted 
current, not only is the muscle of A thrown into tetanus, bat 
also that of B; the reason being as follows: At each spasm 
of which the tetanus of A is made up, there is a negative 
variation of the musele-current of A, Each negative varia- 
tion in the muscle-current of A serves as a stimulus to the 
nerve of B, and is hence the cause of a spasm in the muscle 
of B; and the stimuli following each other rapidly, as being 
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produced by tetanus of A they must do, the spasms in B to 
which they give rise are also intoa tetanus in A. Bin 
be lhe acct mate ein This experi Fei 

negative variation accompanying the tetanus of a 
een ppt lincrpelnea dele ant ales Ailes 
nometer, is really made upof a sories of negative variations, 
each ive variation corresponding to the single 

of which the tetanus is made up, 

But an electrical change may be manifested even in eases 
when no currents of rest exist. We have stated (p. 89) that 
the surface of the uninjured inactive ventricle of the frog's 
heart is isoelectric, no currents being observed when the elec- 
trodes of a galvanometer are placed on two points of the sur- 
face. Nevertheless a most distinct current is developed. when- 
ever the ventricle contracts. This may be shown either by 
the galvanometer or by the rheascopic frog, If the nerve of an 
irritable muscle-nerve preparation be laid over a pulsating 

icle, each beat is responded to by a spasm of a muscle 
of the preparation, In the ease of ordinary muscles two in- 


stances oceur in which it seems i ible to regard the elec- 
ical change manifested during the contraction as the mera 


diminution of a Smartt current, 

Accordingly m and those who with him dem 
the existence of “natural” muscle-currents, speak of a muse! 
as developing during a contraction a “current of action,” oc- 

, by the muscular substance as it is 


returned to astate of rest. In fixct, they regard the negativity 
of muscular substance as characteristic alike of a beginni 
And they believe that 


alaied when 


Whichever be taken of the nature of these muscle- 
currents, and of the electric change during contraction, whether 
we negand that as a “negative variation” or as a 
“current of nection," it is important to remember thut it takes 

‘during the latent period. It ix not in any way 
the change of form; it is the forerunner of that 
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change of form. Just 23a nervous impulse passes down the 
nerve to the muscle without any visible changes, so a molecu- 
Tar change of some kind, unattended by any visible events, 
marked only by an electrical change, runs along the muscular 
fibre from the end-plates to the terminations of the fibre, pre- 

ing the way for the visible change of form which is to 
Pillow. ‘This molecular invisible change is the work of the 
Tatent period, and careful observation has shown us that it, 
like the visible contraction which follows at its heels, travels 
along the fibre from a bi stimulated (from the end-plates 
when the stimulus is applied indirectly through a nerve, or 
feom the point touched y the electrodes when the stimulus is 
a direct one) towards the ends of the fibres, in the form of a 
wave haying about the same velocity as the contraction, viz: 
about three meters a second. 


Chemical Changes. 


Before we attack the important problem, What are the 
chemical changes concerned in a muscular contraction? we 
must study in some detail the chemical features of musele at 
rest. And here we are brought fice to face with the chemical 
differences between living and dead muscles, All muscl 
within « certain time after remoyal from the body, or while stil 
within the body, after “general” death of the body, lose their 
irritability. The low of irritability, even when rapid, is gradual, 
but is succeeded by an event of some suddenness, the entrance 
into the condition known as rigor mortis, the occurrence of which 
is marked by the following Peavares; The muscle, previously 

ing a certain translucency, becomes much more opaque. 
Previously very extensible and elastic, it becomes rigid and in- 
extensible, and at the same time loses its elasticity; the muscle 
now requires considerable force to stretch it, and when the 
foree is removed, does not, as before, return to its natural 
we ice To the touch it hus lost much of its former softness, 
becomes firmer and more resistant, The entrance into 
‘igor mortis is characterized by a shortening or contraction 
which may, under certain circumstances, considerable. 
The energy of this contraction is not great, so that when 
no actual shortening takes place. When rigor mortis 
been fully developed no muscle-currents whatever are 
observed. The onset of this rigidity may be considered aa the 
token of the death of the muscle itself. As we shall see, the 
chemical features of the dead rigid muscle are strikingly 
different from those of the living muscle. 
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Tf » dead muscle, from which all fat, tendon, fascia, and 
connective tissue have been as much as ible removed, and 
which has been freed from blood by the injection of saline 
solution, be minced and repeatedly washed with he ga the 
washings will contain certain forms of albumin and ce 
extractive bodies, of which we shall speak directly. When 
the washing has been meena until they setter nee no 
proteid reaction, a large ian of muscle still remain 
undissolved. If this be treated with a 10 cent. solution 
of sodium chloride, a large portion of it will become imper- 

ly dissolved into a viscid fluid which filters with difficulty. 
Tf the viseid filtrate he allowed to fall Scope pans into a 
of distilled water, a white floceulent matter 


‘This flocculent precipitate is myosin, 
tenn the ordinary reactions, and 
eral elementary ition as other 
Tei is Se soluble I in dilute saline solutions, especially 
ths of sodium chloride, and may be classed in the globulin 
Re tubeen team is not 80 soluble as paraglobulin. Dissolved 
ine 


coy lates when heated, he, i is 
car into coagulated pi 
that ee at a Wate temperature, viz., 55°-60° C., 
raglobulin, and many ee 
pit we pete after long action congula' 

tated by an excess of the stinnteeticete 
2 By tie action of dla ute acids it is very readily converted into 
is called syntonin or acidalbumin, by pine on ae 

dilute alkalies nua alkalialbumin, Speakin, 
be said to be intermediate in its character between ay) rin 
and expecially on drying, its solu- 


ancora which are left in washed muscle from 
has thus been extracted by sodium chloride 
nown, If rer muscle be treated directly 


may 
in a: pe 
fn lives b Secale acid consists in part 
fear ayes = of the ere and of the 
lex, an ably of certain 
of the fibres themselves. = 
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Tf living contractile frog's muscle, freed as before as much 
as ible from blood, be frozen,’ and while frozen minced 
and rabbed up in a mortar with four times its weight of snow 
containing 1 per cent. of sodium chloride, a mixture is ob- 
tained which, at a temperature just below 0° C., is sufficiently 
fluid to be filtered, though with difficulty. The slightly opa- 
lescent filtrate, or muse plana as it is called, is at first quite 
fluid, but will when ex; to the ordinary temperature be- 
come a solid jelly, and afterwards separate into a clot and 
serum. Tt will, in fact, coagulate like blood-plasma, with this 
difference, that the clot is not firm and fibrillar, but loose, granu- 
lar, and flocculent, During the coagulation the fluid, which be- 
fore was neutral or slightly alkaline, becomes distinctly acid. 

The clot is myosin. It gives all the reactions of myosin 
obtained from dead muscle. 

‘The serum contains albumin and extractives. 


present also i 
(sometimes 


‘Thus while dead muscle contains myosin, serum-albumin, 
and extractives with certain insoluble matters and certain 
tinous elements not referable to the muscle-substance 
itself, living muscle contains no myosin, but some substance 
or substances which bear somewhat the same relation to myo- 
sin that the fibrin factors do to fibrin, and which becomes or 
become myosin on the death of the musele. 
We may in fact speak of rigor mortis as characterized by 
a lation of the musele-plasma, comparable to the coag- 
ulation of blood-plaama, but differing from it inasmuch as the 
product is not fibrin but myosin, rigidity, the loss of 
aay jess, and the diminished translucency appear to be at 
all events largely, though probably not wholly, due to the 
from the fluid plasma to the solid myosin, We might 


1 Since, ax we shall proscatly see, a muscle may be frozen and thawod 
agnin without losing nny of its vital powers, wo are at liberty to re- 
gard the frozen muscle a4 a still living muscle, 

? Prowoplasma, Leipaig, 1864. 
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muscle to a number of fine transparent mem- 
led with blood-plasma. When this blood- 
ma entered into the “jelly” stage of coagulation, the sys- 
tubes would “Pytend many of the phenomena of rigor 
woul 


They lose much of their suppleness and trans- 
and acquire a certain amount of rigidity, 
is one very marked and important difference be- 
rigor a of muscle Ie the page dee 
ite coagulation undergoes only slight 

; muscle during the onset of rigor mortis be 


id 


ell 


lymph adhering to it, faintly alkaline. Tested by 

it is frequently amphicroitie, i ¢, it will turn 

dred litmus flus—bat the change from 

blue i more marked than that from blue to red. If, 

d, the reaction of » thoroughly rigid muscle 

found to be most distinctly acid. This 

ment of acid is witnessed not only in the solid un- 

ton fibre but also in expressed muscle-plasma, The red 

coloration of the blue litmus thus obtained is permanent, and 
cannot therefore be due to carbonic acid, 

From rigid muscle there may be obtained a quantity of 
Inctic acid, or rather of « variety of lactic acid known as sar- 
eolactic acid! It ix probable that the change in the reaction 

due to the formation of this acid. 

ee of rigor mortis is characterized then by the 
occurrence of # nit # proteid body, myosin, not previ 
ously existing ax such in the living irritable fibre, and of a 
acid, sarcolactic acid. But there is another most im- 
acid, which is Moehtt ged atthe same time. Irritable 
fiving muscular eabetance it «all living protoplasm ix. con- 
iring, continu consuming oxygen and giving 
out eatbonle acid Tn the aig the arterial ‘blood rae to 
the muscle gives age of its oxygen, and gains a quantity 
of carbonic acid, thus becoming venous as it passes throug! 
the muscular capillaries. After removal from the body, the 
lis muscle continues to take up from the surrounding at- 
‘4 certain quantity of oxygen and to give out a cer- 
tain quantity of carbonic acid. 

At the onset of rigor mortis there is a very large and sudden 
fncresse in this production of carbanie acid, in fact a burst 
ae it were of that gus. This is a phenomenon deserving special 





1 Sos Appendix. 
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attention. Knowing that the carbonic acid which is the out- 
come of the respiration of the whole body is the result of the 
oxidation of carbon-holding substances, we might very natu- 
rally suppose that the increased Poko of carbonic acid 
attendant on the development of rigor mortis is due to the 
fact that during that event a certain quantity of the carbon- 
holding constituents of the muscle are suddenly oxidized. 
But such a view is negatived by the following facts. In the 
first place, the increased production of carbonic acid during 
rigor mortis is not accompanied decile nding increase 
in the consumption of oxygen. the second place, a muscle 
(of a frog for instance) contains in itself no free or loosely 
attached oxygen; when subjected to the action of a mercurial 
air-pamp it gives off no oxygen to vacuum, offering in this 
respect a marked contrast to blood, and yet, when pl in 
an atmoephere free from oxygen, it will not only continue to 
give off carbonic acid while it remains alive, but will also 
exhibit at the onset of rigor mortis the same increased pro- 
duction of carbonic acid that is shown by a muscle plac 

an atmosphere containing oxygen. It is obvious that in such 
a case the carbonic acid does not arise from the direct oxida- 
tion of the muscle substance, for there is no oxygen present 
at the time to carry on that oxidation. We are driven to sup- 
pose that di rigor mortis some complex body, containing 


in itself’ neat euginpah carbonic acid so to speak, is split up 


and thus carbonic acid set free, the process of oxidation by 
which that carbonic acid was formed out of the carbon-hold- 
ing constituents of the muscle having taken place at some 
anterior date. 


Tt is found moreover that there is a certain amount of parallelism 
Detween the intensity of the rigor mortis, the degree of acid reac- 
tion (% &, the amount of sarvolactic acid formed), and the quantity 
‘of carbowie acid given out. If we suppose, as we fairly may do, 
that the intensity of the rigidity is dependent on the quantity of 
myosin deposited in the fibres, the paralleliam between the three 
products, myosin, carcolactic acid, and carbonic acid, would suggest, 
the idea that all three aro the results of the splitting-up of the same 

ly complex substance. But we have not at present succeeded in 
ing orin otherwise definitely proving the existence of such a body. 


Living resting muscle then is alkaline or neutral in-reac- 
tion, and the substance of its fibres contains a coagulable 
plasma. Dead rigid musele on the other hand is acid in re- 
action from the presence of sarcolactic eid; it no longer con- 
tains a coagulable plasma, but is laden with the solid myosin, 





CHEMICAL ONANGES. 


And the change from the living irritable condition to that of 
i is i ied by a large and sudden develop- 


We ‘now return to the question, What are the chemical 
changes which take place when a living resting musele enters 
into a contraction? These changes are most evident after the 
muscle has been subjected to a prolonged tetanus; but there 
can be no doubt that the chemical events of a tetanus are, like 
the physical events, simply the sum of the resulta of the con- 
atituent single contractions. 


In the first place the muscle becomes acid, not so acid as in 
Tigor mortis, but still sufficiently 0, after vigorous tetanus, 
to turn blue litmus distinctly red. The reddening like that 
of rigor mortis is permanent, and, therefore, cannot be due to 

fic acid ; it is probably, as in the case of rigor mortis, 


caused by a mnt of sarcolactic acid, 

In the second place, a considerable quantity of carbonic 
acid is set free; and the production of carbonic acid in mus- 
cular contraction rung altogether parallel to the production of 
carbonic acid during rigor mortis. It is not accompanied 
any col ling increase in the consumption of ox 
This is lent even in a muscle through which the circulation 
of blood is still going on, for though the blood passing through 
& contracting muscle gives up more oxygen than the blood 
passing through a pid muscle, increase in the amount of 
oxygen taken up falls below the increase in the carbonic acid 
given out, but it is still more markedly shown in a muscle re- 
moyed from the body. For in such a muscle both the contrac- 
tion and the increase in the production of carbonic acid will go 
on in the absence of oxygen. A frog’s muscle suspended in 
an atmosphere of nitrogen will remain irritable for some eon- 
siderable time, and at each vigorous tetanus an increase in 
the tion of carbonic acid may be readily ascertained. 

there seems to be a correspondence between the 
energy of the contraction and the amount of carbonic acid 
and sarcolactic acid produced, so that we are naturally led to 
the view that in a muscular contraction, as in rigor mortis, 
some highly complex substance splits up, and thus gives rise 
to these two aci But here the resemblance between rigor 
morfis and contraction ends. We have no evidence of the 
formation during a contraction of any body like mycein, 
Rigor mortis contraction are alike in so far as they both 
have for their basis a complex chemical process giving tise to 
the formation of acids, and in both events we have a rise of 
temperature indicating that heat has been set free. But the 
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contracted and rigid muscle differ essentially in the fact that 
while the former, as compared with living resting muscle, in- 
creases in extensibility and loges none of its translucency, the 
latter becomes less extensible, less elastic, and less translucent. 
Corresponding to this marked difference, we find myosin formed 
in belie rigid muscle, but we cannot find it in the contracted 
m ie. 


Tt is stated by Hermann that in frog's muscle separated from the 
the quantity of carbonic acid given out during rigor mortis ix 

in inverse proportion to the quantity given out bydhe contractions 
wae have taken place since the removal of the muscle from the 


ood-current. The more the musele has contracted during this 
period the lesx the amount of carbonic acid given ont in the final 
rigor, and vice versa. From this it is inferred that at the moment 
separation from the bedy, the musele contains a certain capital 
of carbonic-acid producing material (to wit, the substance whose 
explosive decomposition we have supposed to give rise to this and 
er bexlies), which may be exper either in rigor mortis or in 
contraction, but which, from the akeence of blood, cannot be re- 
placed. Consequently the expenditure in the direction af contrac- 
tion must come out of the share allotted to rigor mortix, To this 
point we shall return, 


The other chemical changes in muscle have not yet been 
clearly made out. Indeed our whole information concerning 
the cite chemical constituentsof muscle is at present imperfect. 

Fats are present in considerable quantities, and the extrac- 
tives are varied and numerous, The mast important are krea- 
tin, sareolactic or paralactic acid (a variety of lactic acid, dif 
fering from it chiefly in the solubility of its salts, and in the 
amount of water of crystallization contained in them), and 
sugar. To these may be added xanthin, hypoxanthin (sarkin), 
inosit (especially in the cardiac museles), incei id, and 
traces of uric acid, Execpt in. pathological conditions (and 
in the plagiostome fishes) urea is conspicuous by its absence, 
Tn living muscle glycogen is frequently presunt, and is at the 
death of the muscle transformed into sugar. Dextrin has also 
been found ; und a special fermentable muscle-sugur has been 
described. Tt has beun much debated whether kreatin or krea- 
tinin, or both, are present in muscle ; the evidence goes to show 
that kreatin alone is present, 

The ashes of muscle, like those uf the red corpuscles, are 
characterized by the preponderance of potassium salts and of 
AG a these form in fact nearly $0 per cent. of the 
whole ash. 
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‘The general composition of human muscle is shown in the 
following table of y, Bibra: 


Water, « 


Meola ant hs atten a ele- 
- ct i mater, 


showed long ago that by continued contraction the 
substances in muascle winks are soluble in water, i ¢., the aqueous 
extractives, are diminished, while those which are soluble in ale 
are increased. In other words, during contraction some substance 
Gebaietanees soluble in water are converted into another or other 
insoluble in water but soluble in alcohol. Ranke* con- 
cluded from his observations that the iments are “tt br ts 
ished, and that sugar and fats are produced; but the data for these 
conclusions are, at present at all events, insufficient, Tt has 


suggested that the  Aiscogen Pog present in muscle is coe 


ied into sugar. failure to obtain any sutiy- 

the production of nitrogenous crystalline bodies 

as the result of contraction is of interest; for though ures is con- 

spicuous by its absence from muscle both ‘during rest and after con- 

traction, some observers have thought that the kreatin in muscle ix 
increased by contraction ; this has not been definitely proved. 


The Changes ina Nerve during the Passage of a Nerea 


Innpree. 


in a 
We 


pulse, and that “vem changes set free a certain nea hat 





- Tetancs, 1865. 
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but these if they occur are too slight to be recognized satis- 
factorily by the means at present at our di Tn fact, be- 
yond the terminal results of « nervous impulse, such as a mus- 
cular contraction in the case of 4 nerve going to a muscle, or 
some affection of the central nervous system in the case of a 
nerve still in connection with its nervous centre, there is 
one event, and one event only, which we are able to recognize 
as the objective token of a nervous impulse, and that is the 
negative variation of the nerve-current. For a piece 
of nerve removed from the body exhibits nearly the same 
ic phenomena as x picee of muscle, Tt has an equator 
which is electrically positive as compared to its two cut ends. 
In fact, the di: |, Pig, 25, and the description which it was 
used on p. 86 to illustrate, may be applied to nerve as well as 
to muscle, except that the currents are in all cases much more 
feeble in the case of nerves than of muscles, and the special 
currents from the circumference to the centre of the transverse 
sections cannot well be shown in a slender nerve; indeed it is 
doubtful if they exist at all. 


Du Bois-Reymond' found the electro-motive force of the sciatic 
nerve of a frog to amount to .022 Daniell, while that of the rabbit 
did not exooed .038 Daniell. Engelmann,® however, obtained for 
the sciatic of the frog a value of .046 Daniell, 


Daring the passage of a nervous impulse the “natural 
nerve-current” undergoes a negative variation, just as the 
“natural muscle-current” undergoes a negative variation dur- 
ing a contraction. ‘There are, however, difficulties in the case 

the nerve similar to those in the case of the muscle, con- 
cerning the pre-existence of any such “natural” currents; 
henee we wba that in a nerve during the passage of a 
nervous impulse, as in & muscle during a muscular contrac- 
tion, a “current of action” is devel 

‘This “current of action” or “negative variation” may be 
shown either by the galyanometer or by the rheascopic frog. 
Tf the nerve of the “ muscle-nerve preparation” B (see p. 90) 
be placed in an appropriate manner on a thoroughly irntable 
nerye A (to which of course no muscle need be attached), ic, 

‘ing say the equator and one end of the nerve, then sin- 
gle indaction-chocks sent into the far end of A will cause single 
spasms in the muscle of B, while tetanization of A, i. ¢., rapidly 





+ Gesammelte Abhandl. (1877), ti, 22. 
4 Piliiger's Archiv, xv (1877), p. 211. 
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sys shocks sent into A, will cause tetanus of the muscle 


‘That this current, whether it be regarded as an indepen- 
dent “current of action” or as a negative variation of a “ pre- 
existing” current, is an essential feature of a nervous impulse 
is shown by the fact that the ie or intensity of the one 
yaries with that of the other. ey both travel too at the 
same rate, In describing the muscle-curve, and the method 
of measuring the muscular latent period, we have incidentally 
shown (p. 73) how the velocity of the nervous impulse is 
rani also, and stated that the rate in the nerves of a frog 
is about 28 meters a second. Bernstein by means of an ap- 
paratus which is described on p. 131 finds that the negative 
variation travels along an isolated piece of nerve at the same 
rate. He also finds that it, like the molecular change in a 
muscle ling the contraction, and indeed like the contrac- 
tion , passes over any given spot of the nerve in the form 
of a wave, rising rapidly to # maximum and then more grad- 
ually declining again. He has been able to measure the 
length of the waye, and this he finds to be about 18 mm., 


taking .0007 sec. to over any one point. 
When av ialek pees of nerve is stimulated in the mid- 
dle, the negative variation is Perego equally well in both 


ions, and that whether the nerve be a chiefly sensory or 
4 chiefly motor nerve, or, indeed, if it be a nerve-root com- 
posed exclusively of motor or of sensory fibres. Taking the 
hegative variation as the token of a nervous impulse, we infer 
from this that when a nerve-fibre is stimulated artificially at 
any part of its course, the nervous impulse set going travels 
in directions. 

We used just now the phrase “tetanization of a nerve,” 
meaning the application to a nerve of rapidly repeated shocks 
such as would produce tetanus in the muscle to which the 
nerve was attached, and we shall have frequent oceasion to 
employ the phrase. It will, however, of course be understood 
that there is in the nerve, as far as we know, no summation of 
nervous impulses comparable to the summation of muscular 
contractions. The series of shocks sent in at the far end of 
the nerve start a series of impulses, these travel down the 
nerve and reach the muscle as a series of distinct impulses ; 
and the first changes in the muscle, the molecular latent 
Vrsicep changes, also form a series, the members of which are 

jistinet. It is not until these molecular changes become trans- 
formed into visible changes of form that any fusion or sum- 
mation takes place. 
9 
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Putting ther the facts contained in this and the preced- 
ing sections, the following may be taken as a brief approximate 
history of what takes place in a muscle and nerve when the 
latter is pees keg to asingle induction-shock. At the instant 
that the induced current passes into the nerve, changes occur, 
of whose nature we know nothing certain, except that they 
cause 4 “negative variation ” of the “natural” nerve-current, 
‘The: changes propagate themselves along the nerve in both 
directions as a nervous impulse in the form of a wave, hay- 
ing a wave-length of about 18 mm., and a velocity (in frog’s 
nerve) of about 28 m. per second. Passing down the nerve- 
fibres to the muscle, flowing along the branching and narrow- 
ing tracts, the wave at last breaks on the end-plates of the 
fibres of the muscle. Here it is transmuted into a musele-im- 
pulse, with a shorter steeper waye, and a greatly diminished 
velocity (about 3 m. per second). This musele-impulse, of 
which we know hardly more than that it is marked by a n 
ative variation in the muscle-current, travels from each end- 

late in both directions to the end of the fibre. What there 
of it we do not know, but it is immediately followed 
by the visible contraction-wave, travelling behind it at about 

e same rate, but with « vastly inc wave-length. The 
fibre, as the wave passes over it, swells and shortens, bringing 
its two ends together, its molecules during the change of form 
arranging themselves in such a way that the extensibility of 
the fibre is increased, while at the same time an explosive de- 
composition of material takes place, leading to a deeharge of 
earbonic and sarcolactic acids, and probably of other an- 
known things, with a considerable development of heat. 


- See. 38. Tar Narore or THe Cuanors THROUGH WHICH AN 
Exxcrric CURRENT 18 ABLE TO GENERATE A 
Nervous Invvise. 


Action of the Constant Current, 


Tn the preceding account, the stimulus applied in order to 
give rise to 8 nervous impulse has always been supposed to be 
‘an inductionshock, single or repeated. “ This choice of stimu- 
Jus has been made on account of the almost momentary dura- 
tion of the induced current. Had we used a current ‘lasting 
for some considerable time, the problems before us would 
have become more complex in consequence of our haying to 
distinguish between the events taking place while the current 
‘was passing through the nerve from those which occurred at 
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the moment when the current was thrown into the nerve, or 
at the moment when it was shut off from the nerve. These 
complications do arise when, instead of employing the in- 
duced current az a stimulus, we use a constant current, i. 6, 
when we pass through the nerve (or muscle) a current direct 
= the battery without the intervention of any induction- 


Before making the actual experiment we might, perhaps, 
ly suppose that the constant current would act as a 
stimulus throughout the whole time during which it was ap- 
pliod, that, so long as the current passed along the nerve, 
nervous impulses would be generated and thus the muscle 
thrown into something, at all event, like tetanus. And under 
certain conditions this does take place; occasionally it happens 
that at the moment the current is thrown into the nerve, the 
of the muuscle-nerve preparation falls into a tetanus 
which is continued until the current is shut off. But such a 
result is exceptional, In the vast majority of cases what 
is as follows, At the moment that the circuit is 
ude, the moment, i= the current a cree nerve, 
a single spasm, 8 simple contraction, the s0-cal ing con 
fraction is witnessed; but after this has passed eae the 
muscle remains absolutely quiescent in spite of the current 
continuing to pass through the nerve, and this quiescence is 
- maintained until the circuit is broken, until the current is 
shut off from the nerve, when another simple contraction, 
the so-called breaking contraction, is observed. The mere 
passage of a uniform constant current of unifi intensity 
thi anerve doex not act as a stimulus generating a ner- 
Yous impulse; such an impulse is only set up when the cur- 
rent either falls into or is shut off from the nerve. It is the 
entrance or the exit of the current, and not the continuance 
of the current which is the stimulus, 

‘The quiescence of the nerve and muscle during the pas 
gage of the current ix however dependent on the current 
remaining uniform in intensity or at feast not being suddenly 
increased or diminished. A tly sudden and |: 
increase or diminution of the intensity of the current, will 
act like the entrance or exit of a current, and by generating 
nervous impulses give rise to contractions. If the intensity 
of the current however be very slowly and gradually in- 
creased or diminished, a very wide range of intensity may 
be passed through without any contraction being seen. It fs 
the sudden change from one condition to another, and not the 
condition itself, which causes the nervous impulse. 
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Tn many cases both a “making” and a “breaking” con- 
traction, each a simple spasm, are observed, and this is 
haps the commonest event; but under conditions which will 
be discussed below either the breaking or the making contrac- 
tion may be absent, i. ¢., there may be a contraction onl: 
when the current is thrown into the nerve or only when it is 
shut off from the nerve, 

Under ordinary circumstances the contractions witnessed 
with the constant current, either at the make or at the break, 
are of the nature of a “simple” contraction, but as has al- 
ready been said, the application of the current may give rise 
toa pronounced tetanus, Such « tetanus is seen some- 
times when the current is made lasting during the application 
of the current, sometimes when the current is broken, lasting 
sometime after the current has been wholly removed from 
the nerve. The former is spoken of as a “ making,” the lat- 
ter asa “breaking” tetanus But these exceptional results 
of the constant current need not detain us now. 

The great interest attached to the action of the constant 
current lies in the fact, that during the passage of the cur- 
rent, in spite of the absence of all nervous impulses and 
therefore of all muscular contractions, the nerve is for the 


time both between and on each side of the electrodes pro- 
foundly modified in a most peculiar manner, This motif 
cation, important both for the light it throws on the gener- 
ation of nervous impulses and for its practical applications, 
is known under the name of electrotonus. 


Electrotonus.—The marked feature of the electrotonic con- 
dition is that the nerve though apparently quiescent is changed 
in t to its irritability; and that in a different way in the 
nei; ‘hood of the two electrodes respectively, 

Sup that on the nerve of a musecle-nervye preparation 
are placed two (non-polarizable) electrodes (Fig. 26, a, &,) 
connected with a battery and arranged with a key so that a 
constant current can at pleasure be thrown into or shut off 
from the nerve. This constant current, whose effects we are 
about to study, may be called the “polarizing current.” Let 
@ be the positive electrode or anode, and & the negative 

or cathode, both placed at some distance from the 
muscle, and also with a certain interval between each other. 
At the point x let there be applied a pair of electrodes con- 
nected with an ipducteon-toachina, Let the muscle further 
be connected with a lever, so that its contractions can be 
recorded, and their amount measured. Before the polarizing 
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current is thrown into the nerve, let a single induction-shock 
of known intensity (a weak one being chosen, or at least not 
one which would cause in the muscle a maximum contraction) 
be thrown in at x A contraction of a certain amount will 
follow. That contraction may be taken as a measure of the 
irritability of the nerve at the point x. Now let the polarizing 
eurrent be thrown in, and let the direction of the current be a 
descending one, with the cathode or negative pole nearest the 
muscle, as in Fig. 26, A. If while the current is passing, the 


I'l 


“uN 


Muscle nerve Preparssions, with the nerve expoted In A to a dvscending and in B10an 
ercemding CODSADL Current. 


Tn each a is the anode, # the cathode of the constant current. represents the spot 
where the Induction-shocks used to test the Irritability of the nerves are sent in. 


same induction-shock as before be sent through «, the con- 
traction which results will be found to be greater than on the 
former oceasion. If the polarizing current be shut off, and 
the point z after a short interval again tested with the same 
induction-shock, the contraction will be no longer greater, but 
mee aoa a erians. UF 30 great, aa at “ 

e of the polarizing current, therefore, the 
inrltabllity of the nerve at the point x has been temporarily 
inereased, since the same shock applied to it causes a greater 
contraction during the presence than in the absence of the 
current. But this is only true 20 long as the polarizing current 
is a descending one, so long as the point x Vics on the side of 
the cathode. On the other hand, if the polarizing current 
had been an ascending one, with the anode or positive pole 
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nearest the muscle, as in Fig. 26, B, the irritability of the 
nerve at x would have been found to be diminished instead of 
increased by the polarizing current, That is to say, when a 
constant current is applied toa nerve, the irritability of the 
nerve between the polarizing electrodes and the muscle ix, 
during the we of the current, increased when the cathode 
is nearest the muscle (and the polarizing current descending), 
and diminished when the anode is nearest the muscle (and 
the polatizing current ascending). The same result, mutatis 
mutteendia, mad with some qualifications to be referred to 
directly, would be gained if x were placed not between the 
muscle and the polarizing current, but on the far side of the 
latter. Hence it may be stated generally that during the 
passage of a constant current through a nerve the irritability 
of the nerve is increased in the region of the cathode, and 
diminished in the region of the anode. The changes in the 
nerve which give rise to this increase of irritability in the 
region of the cathode are spoken of as catelectrotonus, and the 
nerve is said to be in a eatelectrotonie condition. Similarly 
the changes in the region of the anode are spoken of aa an- 

us, and the nerve is said to be in an anelectrotonic 


condition. It is also often usual to speak of the catelectrotonic 
increase, and anelectrotonic decrease of irritability. 
‘This law remains true whatever be the mode adopted for 


Fic. 77. 
—__, 


‘Diagram Mustrating the Variatiom of Irritability during Electrotoous, with Polarizing 
‘Curvenas of fncreasing Interaity, (From Priccax.) 

‘The anode is mpposed to be placed at 4, the cathode ar B: AB ts consequently the 
Jotrapetar district. In each of the thrce curves, the portios of the curve below the baa: 
Hine represents diminished irrisability, that above, Increased Irritability. 7y reppresants 
the effect of a weak current ; tv indifferent palo ay i near the anode A. In ys, a 
Atromger current, the lnfifferent polit xy is nearer the cathode B, the diminution of irri- 
‘tabidity tn anslectrotonus aad the Increase ia catelectroteaus being greater than in yy; the 
effoc also spreads for m greater distance slong tbe extrapotar regione in both directions. 
In yy the ease events are seen 10 be atill more marked. 


determining the irritability. The result holds good not only 
with a single inductionsliock, but also with a tetanizing in- 
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terra} eurrent, with chemical and with mechanical stimuli, 
f and decrease of irritability are most marked in 
the immediate neighborhood of the electrodes, but spread for 
4 considerable distance in either direction in the extrapolar 
‘The same modification is not confined to the extra- 
region, but exists also in the intrapolar region. In the 
intrapolar region there must be, of course, an indifferent point, 
where the catelectrotonic increase merges into the anelectro- 
tonic decrease, and where therefore the irritability is unchanged. 
When the polarizing current is a weak one, this indifferent 
point is nearer the anode than the cathode, but as the polar- 
ising current increases in intensity, draws nearer and nearer 
the cathode. (See Fig. 27.) 


‘The cateloctrotonic increase and anelectrotonic decrease reach a 
maximme soon after the makin 


in. 
rizing current is shut off there is a rebound at both 
ry increase of irritability in the anclectrotonic and 
a temporary decrease in the catelectrotonic regions. 


The amount of increas: and decrease is dependent: (1) 
On the strength of the current, the stronger current up to a 
certain Limit producing the greater effect. (2) On the irrita- 
bility of the nerve, the more irritable, better-cu oned nerve 
being the more affected by a current of the same intensity. 

The increase or decrease of irritability applies not only to 
the o} ition of impulses, but also to their propagation or 
condu . At least anelectrotonus offers an obstacle to the 


passage of a nervous impulse. 
‘These variations of irritability at the cathode and anode 


respectively, must be the result of molecular changes, brought 
about by the action of the constant current. They are inter- 


esting because they show that the generation of a nervous im- 
pulse as the result of the making or breaking of a constant 
current is dependent on the change of a nerve from its nor- 
mal condition into either catelectrotonus or uncleetroton 
again from one of these phases into its normal cond \ 
And vertain phenomena, which will be described below under 
the heading of the “law of contraction,” go far to show that 
a nervous impulse is generated only when a nerve passes sud- 
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denly from a normal condition into the phase of catelectroto- 
nus (making contraction), or returns from the phase of anelec- 
trotonus (breaking contraction) tos normal condition, in other 
words, when it passes suddenly from a phase of lower to a 
phase of higher irritability. 

An induction-shock is a current of very short duration, 
developed very suddenly and disappearing more gradually. 
Hence when it falls into a nerve, the nerve undergoes a sud- 
den transition from its normal condition to the catelectro- 


tonic phase to the normal condition is more gradual, and ac- 
cordingly no nervous impulse is generated and no contraction 
is witnessed. We might add that the anelectrotonic phase to 
the normal condition appears from a number of considerations 
to be less effective as a generator of nervous impulses than the 
change from the normal condition to the eatelectrotonie phase. 
Hence in the induced current we have to deal with a “making” 
contraction only, the breaking contraction being absent. This 
is true whether the induced current be produced by the mak- 
ing or the breaking of a constant current, 


Law of Contraction—At the making of a constant current, 
then, there is set up a condition of catelectrotonns and of anelec- 
trotonus; on the breaking of the current these conditions, with 
more or rebound, disappear. What have these changes to do 
with the generation of nervous impulses? 

Tt hus already been stated that when a constant current is applied 
to a nerve, a contraction ix caused inthe muscle, ¢ 4, a nervous im- 
puilve is started in the nerve, either at the make or at the break, or 
at both. On further examination it is found that the ocearrence 
or pon-oceurrence of a contraction depends on the direction (7. ¢, 
whether descending with the eathode nearest the muscle, Fig. 26, 

or ascending wit the anode nearest the muscle, Fig. 2 Byand 
the intensity of the current, The results have been formulated in 
the following ‘*law of contraction :’ 


Ascending. 
Moke Break. 
Very weak, . “ a = 
Moderate, © 0. 2 one 
TT a — ¢ 


where © indicates 2 contraction. This law becomes intelligible if 
we suppose that nervous impulses are originated only by the rise of 

pearotonus and by the fall of anelectrotowus, and not at all by 
the rise of anelectrotonus, or by the fall of catelectrotonus, or by 
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ao from a 
aon We mast, however, further suppose that the rise of cate- 
Iectrotonms more readily gives rise to an impulse, or gives rise to a 
larger impulse, than the fall of ren eee and that the 


yer iy carrents we get a contraction with the 


ling current only. ith a moderate current, 

a single Daniell acting as the sourve of the eure 

‘contraction both at the — and at the break of 
and descending currents ; 
aa well ns a hie Nl cate! 


apt between 
cause a contraction, ith the descending 
cateloctrotonus produces a aiaking: cons ion, 

ing senetion’ the absence of the latter may 

ly by the strong current depressing the irrita~ 

@ conductivity of ‘the intra nonce nerve, and. 

haps by sapporing, that the rebound on the p.dieappoarnacs 
hi does in a part 


ea 


been stated that in many cases the making or 
& constant current gives rise not to a single spasm only 
tetanus, often spoken of as the making or 
‘OF these two the mest common is the breaking 
"s tetanus, which appears whea a Ses current 
for some time toa nerve. It is dev 
naloce after the application of an aaceos 
its appearance with « descending curre: 

cd nd iteelf it may be at once diminished or suspendod 
10 


i i 
: al 
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altogether by applying the same current in the sume direction. It is 
increased by applying the current in an opposite direction. The 
making tetanus is seen with currents of a certain intensity only, 
being absent with those of leas or greater strength. Both forms 
are due to profound electrolytic changes in the nerve, those of the 
making tetanus being of a catelectrotonic, and those of the break- 
ing tetanus of an rotonic character. 

¢ constant current applied directly to a musele from whieh the 
purely nervous element has been eliminated by urari Poisoning, has 
cficets similar to and yet somewhat different. from those which it 
has upon a nerve. The efficncy of the rise of catelectrotonns and 
the fall of anelectrotonus respectively in producing contraction ix 
the same as in a nerve. In one respect the muscle is more striking, 
aut offers a support of the hypothesis mentioned above, The making 
contraction may under favorable ciremmetances be seen to start from 
the cathode, and the breaking contraction from the anode. Another 
marked difference between muscle and nerve is that in muscle the 
enrrent must act fora much longer time apon the tisme before it 
ean call forth a contraction. This is what we might expect from 
the more slaggish nature of the muscular impulse-waye, Hence 
muscular tissue whieh has lost its nervous elements or docs not pas- 
fess them, ix far less readily affected by the almost momentary in- 
duction-shocks than are nerves, 

Daring the passage of t current the musele is thrown 
into w partial tetanus, which, however, wmy be sufficiently weak to 
permit the simple make and break contractions to be readily ob- 
servod.' Vory frequently this tetanus changes into a regular rhyth- 
nic pulsation if the intrumasenlar nerves be intact, 


Sve. 4. Tue Moscumnenve Preraration as A Mactixe! 


‘The facts described in the foregoing sections show that a 
muscle with its nerve may be justly regarded as a machine 
which, when stimulated, will do a certain amount of work. 
But the actual amount of work which a musclenerye prepa- 
ration will do ix found to depend on a large number of cir- 
cumstances, and consequently to vary within very wide limits, 
These variations will be largely determined by the condition 
of the muscle and nerve in respect to their nutrition ; in other 
words, by the degree of irritability manifested by the muscle 
or by the nerve, or by both. But quite pers from the general 
influences affecting its nutrifion, and thus its irritability, a 
muscle-nerve preparation ix affected as regards the amount of 
its work by w variety of other circumstances, which we may 
briefly consider here, reserving to a succeeding section the 
sturdy of variations in irritability. 

Cf. Romanos, Journal of Anat, and Phys., x, p. 707. 
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The Nature and Mode of Application of the Stimulus as affect- 
ing the Amount and of the Contraction. 

Within the body, the stimuli which bring about natural 
muscular contractions are nervous impulses proceeding from 
the central nervous system. As far as we know, these natural 
‘nervous impulses are identical in character with the neryous 
impulses set going in the course of the nerve by artificial 
stimuli, Since in the majority of cases natural muscular con- 
tractions are tetanic in nature, the natural nervous impulses 
occur, not singly, but repeated in series, the interval between 
successive impulses being always about one-nineteenth of a 
second (sce p. 50), Variations therefore in the energy and 
extent of natural muscular contractions must (apart from 
variations in the irritability of the muscles or nerves) de] 
on the energy of the individual nervous impulses as they leave 
the central nervous system, and not on any change in the 
rapidity of their sequence. 

A mechanical stirnulus in the shape of a single tap or blow, 


pinch or prick, may produce a single m, and slight tay 
repeated oataely a rapidly may ame to ania 
tetanus. As a rule, however, the injury inflicted by a me- 
chanical stimulus destroys the irritability of the spot stimu- 
lated, and so prevents a repetition of the spasms. On the 
hand, even a momentary injury may produce changes 
toa tetanus, A chemical stimulus produces an irreg- 


constant current acts, as we have seen, as a stimulus 
only when its intensity suddenly rises or falls, making and 
ing of the circuit being extreme cases of rise and fall. 
Hike rise or ion inemnily east o date mernunl 
passing a nerve, very largely im or 
diminished without giving rise to any contraction; whereas 
den rise or fall may at once cause one, 
ter the more sudden the change. This 
idenness of the change is also seen in the 
ease of single induction-shocks; the breaking shock, which is 
much more rapidly than the making shock, is by 

far the more potent of the two. 
Tt is worthy of notice, as a matter of practical importance, 
musenlar substance, with ite more sluggish impulse of 
ion (see p. 94), is when devoid of nerves more suscep- 
tible towards the more slowly acting (break and make of the) 
constant current than Bran the momentary induction-shock. 
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Hence muscles which by degeneration have lost their nervous 
supply respond to the constant current much more readily 
than to an induction-shock. By this test the condition of the 
nerves in the muscle of eases of paralysis may be ascertained. 
Tn order that a galvanic current of any kind may call forth 
44 contraction, some appreciable length of nerve must be placed 
between the electrodes. If the current simply be sent trans- 
versely through a nerve, little or no contraction takes place, 


According to Tschixjew," however, both muscle and nerve are inri- 
tablo in a transrome direetion which may be called the specitio 


irritability, being in the case of muscle not a all less, and m the 
on of nerve slightly less in a transverse than in a longitudinal 


With the same strength of current, the longer the piece of 
nerve the greater the contractions, 


‘This when the constant current is used as a stimulus is said to be 
true of the descending but not of the ascending current, and the 
resulta are more constant with the making than breaking of the 
eurrent. 


‘The amount of the contraction is, ax might be expected, de- 
pendent on the strength of the stimulus, but a limit to the in- 
crease of the contraction caused by augmenting the stimulus 
is soon reached. Thus if the nerve of a muscle-nerve 
ration be stimulated at intervals by currents of increasing in- 
tensity, peering with those having no effect at all, it is found 
that the leet, us measured by the height of the contraction, 
rises very rapidly to a maximum, beyond which it remains 
constant so long as the irritability of the preparation continues 
unchanged, 

We have in a ling section (p. 78) discussed at len 
the manner in which a stimulus repeated sufficiently rapilly 

luces a complete and uniform tetanus, daring which the 
constituent single contractions cannot be recognized either by 
the appearance of the muscle itself or by any features in the 
eurve which it may be made to describe, though the “ museu- 
lar sound” shows that the muscle is really in a state of yibra- 
tion. If the capers of the stimulus be reduced the tetanus 
becomes incomplete and a flickering of the muscle becomes 





LAtekiy Anat Phot. 1877, 90. 
_ Ma Arohiv, ¥, » 275. Of Marcuse, Verh. d. 
Mod’ Gee! in Warsburg, 2/1877, 1h8. we, Yak abe, 





THE MUSCLE-NERVE MACHINE. 113 


obvious, and upon further reduction of the frequency the flick- 
ering gives aed a rhythmic series of single contractions. 
‘The exact icy of repetition required to produce com- 
plete tetanus rae B ceairtns to the condition of the muscle, 
and is not the same for all muscles, being dependent on the 
aap is di with which the muscle executes each single contrac- 

those animals which possess two kinds of skeletal 
pa red and pale, the red muscles (the single contractions 
of which are slow and long-drawn) are thrown into sours 
tetanus with # repetition of much less frequency than that 
required for the pale muscles.’ 


Kronecker and Stirling? find 10 stimuli per second quite sufficient 
to throw the red museles of the rabbit into complete tetanus, while 
the Tauseles require at Jeast 20 stimuli per second. 

hen the stimulus is repeated more frequently than is required 

about a Cipures tetanus im soleneease are still propor- 

increased in frequency. LM sees by the increased 

the muscular sound. aE a esto then arises, 

low far can baie increase in the Tht 1@ constituent eon- 

tractions he ca @ frequency of the stimulus? 

But this question “Hage eae involves two problems: (1) How fir 

ean the frequency of nervous inpoles be curried? What is the 

limit to which the duration of a stimulus may be reduced without 

tho stimulus ceasing to evoke a nervous impulse? and (2) To what 

‘extent oa the frequency of nervous impulses be increased without 
the Segre cessing (0 respond by a contraction to each nervous im- 

One would naturally suppose that there is a limit to the 

on of a stimulus (of a galvanic current for instance) necessary 

that the limit would vary with the strength of the 

enies ve stronger sti uli remaining effective with the shorter 

the « agen of many observers confirms this 

view, Konig? came to the conclusion that a galvanic current of even 

imaximum strength as a stimulus must last at least about 0015 second 

in order to_ generate a nervous impulse. And Bernstein‘ found 

that when a errgoed of are intensit; a ee 
sufficiently ly (the necessary rapidity varying with the strengt 

of the hee into a musele-nerve preparation, tetanus of the mus 

ele fails to appear ; there is an initial contraction at the commence- 

@ series of shocks, and after that complete rest. By 

increasing the strength of be stimulus, however, tetanus 

always be brought about. The absence of tetanus with sub- 


‘Ranvier, Archives de Physiol, vi (1874), p. 6. 
a tt, Physiol., 1878, p, 1, aud Journal Physiol, i (1878), 


PS Wien, Sitzungs-Berichte, tail (1870). 
4 Nerven-und Muskel-System, 1871, See aleo Piliger's Archiv, xvii 
(1878),p. 121. 
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maximal stimulation might be interpreted ax indicating the failure 
pot a9 iach of nervous tinpalses as of the eonverson of the nervous 
into the muscularimpulse, «. ¢, the molecular fe ner in the mus- 
cle of the visible contracti Kronecker and Stirling,’ by using a 
special instrument for rapid interruption, the so-called tone-inducto- 
rum, have been able to obtain in all cases a complete tetanus with 
alternating induction-shocks, even when repeated they believe as fre- 
quently ax 22,000 times a second ; and they Rondladd het "thatior 
Iimit of the frequency of electrical stimulation which ean throw a 
musele into Aura tt near eae ee Veet in the feat 
Se reese letecte the help of other physical rl 
ne and therefore far beyond Kinig's limit, 

ith regard to the second question, the following important ob- 
servation is worth attention: Helmholtz’ has shown that when an 
induction-shock giving 3 maximum contraction is followed at an in- 
terval of less than ¢hath second by a second shock of equal strength, 
no seound contraction appearsatall. During xf oth second subsequent 
to the first shock the musele is absolutely devoid of irritability; it 
is in a “refractory phase’ similar to but much shorter than that 
which is so conspicuons in curdiae mascles Hence if a number of 
taxi induction-shocks be sent into # musele or nerve at intervals 
ofa little less than ¢tyth secoyl half the shocks sent in would seem 
to be without effect, But this is only true of maximum stimuli. 
We do not know where to place a similar limit to submaximal 
contructions. 


When two pairs of electrodes are placed on the nerve of a 
long and a peels fresh and successful nerye-preparation, 
one near to the cut end, and the other nearer the muscle, it is 
found that the same stimulus produces a greater contraction 
when applied through the former pair of electrodes than 
through the latter. Two interpretations of this result are 
possible, Either the nerve at the ae farther away from the 
muscle is more irritable, i. ¢., that the stimulus gives rise at the 
epot stimulated to a larger nervous impulse; or the impulse 
started at the farther electrodes gathers strength, like an ava- 
lanche, in its progress to the muscle. The latter view has 
been strongly urged by Piliiger, and is generally known under 
the name of the “avalanche theory.” As far as we know, 
however, the progress of the negative variation along a nerve 
is marked by no such increase. It is probable that the larger 
contraction duced by stimulation of the portions of the 
nerve tear the spinal cord is due to the stimulus setting free 
a r impulse, ¢¢,, to this part of the nerve being more 
irritable. 


The effect is not due to the section merely, for it may he witnessed 





1 Op. cit. * Berlin, Monatabericht, 1854, 
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fn nerves still in connection with the spinal cord. Heidenhain’ 
states, however, that under these circumstances the diminution of 
the effect is not gradaal from the central to the peripheral portions, 
as the nerve is ent; on the contrary, the ammunt of contraction 
isat first large. then becomes smaller, aud finally increases somewhat 

5 the stimalation is carried from the roots of the nerves to 
museatar periphery, P 
Hillistén (Arch. Anat. Phys., 1870, 242) moreover found that in 
case Of sensory nerves also the effect produced was greater when 
the stimulus was applied to the more central than when it was ap- 
plied to the more peripheral portions of the nerve; at least reflex 
actions were more easily excited. 

_ It ig probable that the irritability of the nerve may vary eon- 
siderably at different points along its course. And Fleisch! states 
that an indaction-shock when applied as an ascending current hax 
4 greater effect on the more peripheral, and when applied as a 

ling current a greater effeet on the more central portions of 

@ nerve. 


The Influence of the Load. 


Tt might be imagined that a muscle, which, when loaded 
with a given weight, say 20 grams, and stinmlated by a cur- 
rent of a given intensity, had contracted to a certain extent, 
would only contract to half that extent when loaded with 
twice the weight (40 grams) and stimulated with the sime 
stimulus, Such, however, is not the case; the height to whieh 
the weight ix raised may be in the second instance as great, 
or even greater, than in the first. That is to say, the resistance 
offered to the contraction actually increases the contraction, 
the tension of the muscular fibre increases the facility with 
which the explosive changes resulting in a contraction take 
plaice. And it has been observed by Heidenhain’ that tension 

ied to a muscle increases both the chemical products 
(carbonic and lactic acids) and the rise of temperature which 
eompeny acontraction, There is, of course, a limit to this 
favorable action of the resistance. As the load continues to be 
increased, the height of the contraction is diminished, and at last 
a point is reached at which the muscle is unable (even when the 
Sinton chosen is the strongest possible) to lift the load at all. 


Tt is said that » muscle, loaded beyond its powor, relaxes and 





1 Stud. Physiol. Instit., Bi if (1881), 

* Wien, Sitz,-Bericht, Ixxii (1875), Ixxiv (1870). Compare, how- 
ever, Tegel, Pddger's Archiv, xtli (1876), p. 698, 

4 Mechanische Letstun, Warmesntwicklung und Stoffumeats bei 
der Muskolthatigkeit. Leipzig, 1864. 
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Seat eaticoal areas, the most work will be done by that 
ich is the longer. If the two muscles are unequal both in 
and sectional area, the work done will be the iter 
in one which has the larger bulk, which contains the 
roe number of cubic units. In speaking, therefore, of 
maximum of work which can be done by a muscle, we 
may use as a standard a cubic unit of bulk, or, the specific 
gravity of the musele being the same, a unit of weight. 


Tn the case of 
be done 


im 
of the * 
must, of course, be taken only in relation to the sectional area of 
the muscle, The akeolute power of a square centimeter of a frog's 
tausele hax boon in this way estimated at about 2800 to 3000 grms.: 
of a square centimeter of haman musele at 000 to $000 grms, 


Sno. 5. Tue Cincumstaxces wHich preTenMine THE Dr- 
ores or Tnerrantiary or Muscium axp Nerves. 


A mutcle-nerve preparation, at the time that it is removed 
from the body, posesses a certain degree of irritability, it 
Tesponds by a contraction of » certain amount to a stimulus 
of a certain strength, applied to the nerve or to the muscle. 
After awhile, the exact period depending on a variety of 

i ices, the same stimulus produces a smaller contrac- 


circumetan: 
tion, t. ¢,, the irritability of the preparation has diminished. 
In other words, the muscle or nerve, or both, have become 
partially “exhausted,” and the exhaustion subsequently in- 
the same stimulus pct smaller contractions 
lo 


creases, 
until at last all irritability is 10 stimulus however strong 
icing any contraction whether applied to the nerve or 
ly to the muscle; and eventually the muscle, as we have 
seen, becomes rigid. The progress of this exhaustion is more 
in the nerves than in the muscles; for some time after 
the nerve-trunk has ceased to respond to even the strongest 
stimulus, contractions may be obtained by applying the stimu- 
Jus directly to the muscle. It is pes § more rapid in the 
warm-b! than in the cold-blooded animals. The muscles 
and nerves of the former lose their irritability when removed 





* Untersuch. fi. Muskelarbeit, Basel, 1867. 
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fenan the bendy after 2 peried waryime, secoriime te 

seates, fee 3 few wie w reo of three boars: 

enbi Mbseted animals (or s: least of an amphibian of 3 

susy, under feverable conditions, remain irritable for 
er even more days. 


sili 


FEL 


2 


Effects of Severance from the Central Nervous System, 


f 


“nerve, wich for instance as the sciatic, is divided 
ia, in the living body, there is first of all observed a 
increase of irritability, noticeable expecially near the 
awl the irritability diminishes and 

ppeays. Both the alight initial increase and 

crass begin at the cut end and advance 

ly towards the peripheral terminations, This cen- 

I feature of the loss of irritability is often spoken of 
as Kitter-Valli law. In a mammal it may be two or 


= 
2 


tire days; in a frog, as many, or even moro weeks, before 
fireitability bas disappeared the nervetrunk. It is 
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maintained in the small (and especially in the intramuscular) 
branches for atill longer periods, 


A similar slight temporary increase of irritability ix seen to fol- 
low the section of a nerve even when removed from the body. I 
the neighborhood of tho section tho. nerve is for awhile more irri- 
tabis afler the sootion than it was bofore. 


‘This centrifugal loss of irritability is the forerunner in the 
resp portion of the divided nerve of structural ch: 


rote 
are soon Dapebed 


longer time within the sheath of Schwann, being in some 
cases scarcely, if at all, to be distinguished from the awollen 
is-cylinder. Meanwhile the nuclei of the sheath of Schwann 


are clo 
axiscylinders growing out fr entral portion run into 
and between the sheaths of Schwann of the peripheral por- 
tion; but much uncertainty still exists ax to the exact parts 
played by the proliferated nuclei of the sheath of Schwann, 
the proteid remnants of the medulla, and the old axis-cylin- 
ders of the peripheral portion in giving rise to the new struct- 
urea of the regenerated fibres. 
This degeneration may be observed to extend down to the 
‘endings of the nerve in the muscle, including the end- 
‘but does not affect the muscular substan 3 
muscle, though it has lust all its nervous elements, still 
irritable towards stimuli applied dircetly to itself; an nddi- 
tional proof of the existence of an independent muscular irri- 
tability. As was mentioned before (p. 112), it is not ensily 
stimulated hy single induction-shocks, but responds readily 
the make or of a constant current, If it be thus arti- 
ficially stimulated from time to time it will remain irritable 
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for considerable, possibly for an indefinite time; but if 
it be not tines thrown into fanetional activity, its irritability 
ultimately diappears and its substance undergoes degenera- 
tion. 


The Influence of Temperature. 


We have already seen (p. 63) that sudden heat applied to 

a limited part of a nerve or musele, as when the nerve or 
musele is touched with a hot wire, will act as a stimulus, and 
the same might be said of cold when sufficiently intense. It 
is, however, much more difficult to generate neryous or museu- 
dex teppelees by ex ing a whole nerve or muscle to a gradual 
rise of temperature. rThin necatiling to mwat claarieon tae 
belonging to a muscle’ may be either cooled to 0° C. or below, 
or heated to 50° or even 100° C,, without discharging any 
nervous impulses, as shown by the absence of contraction in 
ee attacked uuncie, 


‘The contractions, moreover, be absent even when the heat- 
ing has not been very gradual. Several observers, hawever, have 

hat contractions (of an irregular flickering tetanic nature) 
Tesult when a nerve is heated in water, or in oil, or in a moist at- 
mosphere to G0° or even less, It has been suggested that the con- 
fractions in these cases are duc rather to spoataneous impulses 
(whose discharge was favored by the increased molecular activity 
caused by the rise of the temperature) than to the heat acting as a 
Simona, but this soems hardly satisfactory.” 


A muscle may be cooled to 0° ©, or below without any con- 
traction being caused ; but when it is heated to a limit, which 
in the case of frog’s muscles is about 45°, of mammalian mus- 
eles about 50°, » sudden change takes place : the muscle falls, 
at the limiting temperature, into a rigor mortis, which is initi- 

by « forcible contraction or at least shortening. The 
Figor mortis thus brought about by heat is often spoken of as 

igor caloris, 

foderate warmth, ez. gr., in the frog an increase of tem) 
tare to 45° C., favors both muscular and nervous irritability. 
All the molecular processes are hastened and facilitated ; he 
contraction {& for a viven stimulus greater and more rapid, ic, 
of shorter duration, and nervous impulses are generated more 





“The action of cold and lent on semory nerves will be ‘considered 


in of the work. 
‘ fs aoe xvii (1878), p. 215, Cf, Lautenbach, 
Bel. 





VARIATIONS OF IRRITABILITY. 121 


slight stimuli. Owing to the quickening of the 

the supply of new material may prove in- 

sufficient; hence muscles and nerves removed from the body 
Tose their irritability more rapidly at a high than at a low 


“rah 
gradual application of cold to # nerve, expecially when 
the temperature is thus brought near to 0°, slackens all the 
eens : 80 ere aot of nervous impulse is 
jessened longed, the velocity of its passage being mucl 
diminished, fh me, eg. to iiss per sec. At about 0° 
the irritability of the nerve disappears se besa 

When a muscle is exposed to similar cold, ex. gr., to a tem- 
perature very little above zero, the contractions are remark~ 
ably peckonget they are diminished in extent at the same 
time, not in proportion to the increase of their duration. 
Exposed to a temperature of zero or below, muscles soon lose 
their irritability, without, however, undergoing rigor mortis. 
After an exposure of not more than a few seconds to a tem- 
perature not much below zero, they may be restored, by gradual 
warmth, to an irritable condition, even though they may a 
pear to have been frozen. When kept frozen, however, for 
some few minutes, or when exposed for a less time to tempera- 
tures of several degrees below zero, their irritability is permu- 
nently destroyed. When thawed they enter into rigor mortis 
of & mest pronounced character. 


The Influence of Blood-supply. 


When ® muscle still within the body is deprived by any 
means of its proper bloodsupply, as when the blacdivohell 
going to it are ligatured, the same gradual leas of irritability 
and appearance of rigor mortis are observed as in muscles 
removed out of the body. Thus if the abdominal aorta be 
ligatured, the museles of the lower limbs lose their irritability 
and finally become rigid. So also in systemic death, when the 
Peotmapply to the muscles is cut off by the ceasation of the 
cireulation, loss of irritability ensues, and rigor mortis eventu- 
ally follows, Tn a human corpee the muscles of the body enter 
into rigor mortis in a fixed order: first those of the jaw and 
neck, then those of the trunk, next those of the arms, and 
lastly thee of the 1 The rapidity with which rigor mortis 
comes on after death yuries considerably, being determined 
both by external circumstances and by the internal conditions 
ofthe body. Thus external warmth hastens and cold retards 
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lity, « ¢., the amount of the coagulum, and the 
op cge leh i.e, the quickness with which coagula- 
i yee The rapidity of 


after is ing disease is ee 

dependent on an excess of acid, which seems to be rable 
to the coagulation of the muscle, plasma being produced under 
those circumstances in the muscle. When rigor mortis his 
once become thoroughly extublished in a muscle through dep- 
rivation of blood, it cannot be removed by any subsequent 
supply of blood. Thus where the abdominal aorta has re- 
mained ligatured until the lower limbs have become com- 
pletely rigid, untying the ligature will not restore the muscles 
to an irritable condition ; it simply hastens the decomposition 
of the dear tissues by supplying them with oxygen and, in the 
case of the mammal, with warmth also. 


A muscle, however, may acquire as a whole a certain amount of 
rigidity on account. of some of the fibres becoming rigid, while the 
remainder, though they have lost their irritability, have not yet 
advanced into mgor mortis, At such a juncture a renewal of the 
blood stream ee | restore the irrital of those fibres which were 

thus appear to do with rigor mortis; yet it 


Dee vet ve 
Sppiars that’ in such case the fibres which have actually borome 
ngid never regain their irritability, but undergo degeneration. It 
is stated however by Preyer’ that if the even completely rigid 
museles of the frog be washed out with a 10 cent, sodium- 
chloride solution (which disolves myosin), and subsequently. in- 
jected with blood, irritability will be restored. 


Mere loss of irritability, even though complete, if stopping 
short of the actual Jation of the muscle-substanve may 
be with care removed. us if a stream of blood be sent arti- 
ficially through the yesels of a separated (mammalian) mus- 
ele, the irritability may be maintained for a very considerable 
time, On stopping the artificial circulation, the irritability 
diminiehes in time entirely disappears; if however the 
stream be at onee resumed, the faieabitity will be recovered, 
By regulating the flow, the irritability may be lowered and 


¥ Centrbt, £, med. Wisehft,, 1864, p. 700, > 
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(up to a certain limit) raised at pleasure. From the epoch 
however of in! vith the normal blood stream there is 
pimedual diminution in the responses to stimuli, and ultimately 
the muscle loses all its irritability and becomes rigid, however 
well theartificial circulation be kept up. ‘This failure ix prob- 
ably in great part due to the blood sent through the tissue not 
being in a perfeetly normal condition; but we have at present 
very little information on this point. Indeed with respect to 
the quality of blood thus essential to the maintenance or bi 
toration of irritability, our knowledge is definite with rej 
to one factor only, viz., the oxygen. If blood deprived o 
ox? be sent rough a muscle removed from the body, ii ine 
‘ity, so far from being maintained, seems rather to haye its 
hi Tn fact, if venous blood continue to 
be driven through aap muscle, the irritability is lost even more 
rapidly than in the entire absence of bl It would seem 
that venous blood is more injurious than none at all. If ex- 
haustion be not carried too far, the muscle may, however, be 
revived by a proper supply of oxygenated bi 


In a muscle, the irritability of which has been suspended by a 
current of venous blood, the assumption of a minute fraction af 
oxygen is sufficient to restore irri y tosuch an extent that a 

distinet amount of contraction ible on the application of 

stimuli, Much more than this must be taken up before the musele 
can reguin the Standard at which it was previous to the action of the 
‘venous stream.” 


The influence of blood-supply cannot be #0 satisfactorily 
studied in the case of nerves ax in the case of muscles; there 
ean however be little doubt that the effects are analogous. 


The Influence of Functional Activity. 


‘This too is more easily studied in the case of muscles than 
of nerves. 

When « muscle within the body is unused, it wastes ; vies 
used it (within certain limits) grows. Both these facts show 
that the nutrition of a muscle is favorably affected = ts 
functional activity. 

Part of this may be an indircct effect of the increasod blood-supply 
which occors when @ muscle contracts. When a nerve going to a 
muscle fs sie stimulated, the bloodvessels of the muscle di Hence 


+ Ladwig and Schmidt, Ludwig's Arbeiten, 1868, p. 1. 
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at the time of the contraction more blood flows through the muscle, 
and this i flow continues for some little while after the con- 
traction of the muscle has ceased. 

A muscle, even within the body, after prolonged action is 
fatigued, i. 6, a stronger stimulus is required to produce the 
game contraction; in other words, its irritability is reduced 
by functional activity. 


The fatigue of which, after prolonged or unusual exertion, we are 
consefous ff out own bodies, aries partly frost an exhaustion of 
muscles, partly from an exhaustion of motor nerves, but chiefly 
from an exhaustion of the central nervous system concerned in the 
production of voluntary impulses, A man who says he is absolutely 

may, under excitement, perform a very large amount of 
work with his already wearied muscles, The will , if ever, 
calls forth the greatest contractions of which the muscles are capable, 


Absolute (temporary) exhaustion of the muscles, so that 
the strongest stimuli produce no contraction, may be pro- 
duced even within the body by artificial stimulation; recoy- 
ery takes place on rest. Out of the body absolute exhaus- 
tion takes place readily. Here also recovery may take place. 
Whether in any given case it does occur or not is determined 
by the amount of contraction causing the exhaustion, and by 

ious condition of the musele. In all cases reeove 

is hastened by renewal (natural or artificial) of the blood- 
stream. The more rapidly the contractions follow each other, 
the leas the interval between any two contractions, the more 
rapid the exhaustion. A certain number of single induction- 
shocks repeated rapidly, say every second or oftener, bring 
about exhaustive loss of irritability more rapidly than the 
same number of shocks repeated [ess rapidly, for instance, 
every five or ten seconds. Hence tetanus is a ready means 
of producing exhaustion. 


nat 

as shall not only not hasten, but, perhaps, even 
ual normal exhaustion following apon removal from 
the body. In other words, it is probable that the exhaustion caused 
8 contraction is immediately followed by a reaction favorable to 
the nutrition of the muscle; and this possibly is the real reason why 
a muscle is yr use, 

hice 


When » muscle is subjected to a prolonged tetanus the course of 
exhnustion, as indicated by the varying heights to which the load 
ig successively raised by the re contractions, is at finst very 

w, afterwards more rapid, finally slow again, 
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The amount of the load, provided this be not too great, has no 
marked effect un the course of exhaustion. If two muscles be 
after-londed, one with a heavy, the other with a light weight, and 
stimulated at the same intervals with the same stimulus, the course 
of exhatstion will be parallel in the two cases, though the more 

‘ily laden muscle, respondir ng ut the outset. with smaller con- 
traction= than the more highly laden one, will be the first to enter 
that stage of exhaustion at which the contractions cease to be 
visible.’ The above ix probably only trac for weights up to the 
standard which is rovet favorable for the muscle’s dofng work. Soe 
ante, p. 115, Weights heavier than this quicken exhaustion, and 
the mere extension caused by loading with a heavy weight (even 
when unaccompanied by a contraction) is exhausting. 

Whether there be « third fictor, «. ¢., whether museles, for in- 
pene og governed by so-called trophic nerves, which affect their 

m directly in some other way than by influencing either their 
bood-sopply or activity, must at present be left undecided. 

imscles exhausted by prolonged action may have their irritability 
temporarily restored by passing through them for some time a eon- 
‘stant current. 


Tn exhausted muscles the elasticity is much diminished ; 
the tired muscle returns less readily to its natural length 
than does the fresh one. 

‘The exhaustion due to contraction may be the result: (1) 
Either of the consumption of the store of really contractile 
material present in the muscle. Or (2) of the accumulation 
in the tiswe of the products of the act of contraction. Or 
(3) of both of these causes. 

The restorative influence of rest may be explained by sup- 
posing that during the repose, either the internal changes 
of the tisuie manufacture new explosive material out of the 
comparatively raw material already present in the fibres, or 
the directly hurtful products of the act of contraction un- 
a changes by which they are converted into compara- 
tively Inert bodies. A stream of fresh blood may exert its 

ve influence, not only by quickening the above two 
events, but also by carrying off the Tametiats waste products, 
while at the same time it brings new raw material. It is not 
known to what extent each of these parts is played. That the 
products of contraction are exhausting in their effects is 
shown by the fact that exhausted muscles are recovered by 
the simple injection of inert saline solutions into their blood- 
vessels; and that such bodies as lactic acid injected into a 
musele cause rapid exhaustion ; a striking instance is seen in 





' Kronecker, Ludwig's Arbeiten, 1871. 
n 
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the effect of dilute alkalics in restoring the beat of the ex- 
hausted frog’s heart, One important element brought by 
fresh blood is oxygen. This, as we have seen, is not necessar 
for the carrying out of the actual contraction, Gps 
essential to the maintenance of irritability, It is p ly 
of use as what may be called intramolecular oxygen’ in pre- 
paring the explosive material whose deconiposition gives rise 
to the carbonic acid, and other products of contraction. 


Tt is stated by Kronecker? that oxygen, not in the form of oxy- 
hemoglobin, but administered argh in the form of an injection 
ak pecmnngensth of potash, restores the irritability of exhausted 
muscle. 
After prolonged artificial excitation of a muscle within the body 
the oxbannson is accompanied or rather followed by histological 
of the natare of degeneration. 


Sree. 6. A runtire Discussion or some Porsys IN THR 
Puysioocy or Muscur axp Nerve. 


The Electrical Phenomena of Muscle and Nerve. 


‘The Natural Currents—The Pre-existence Theory.—As was 
stated on p. 8%, Du Bois-Reymond, and theee with him, believe 
that electric currents naturally exist even in untouched, perfectly 
uninjured muscles and nerves; and their view is general a 
of ax the ““ Pre-existence Theory.” According to that theory, the 
mutsele {or nerve) is made up of electro-motive particles or mole- 
enles imbedded in an indifferent and imperfectly conducting medium, 


Tra. 28. 


Diagram 40 Llitestrave Du Hoie-Reymond's Blectro-motive Molecules, 
Pezipobar Condition. 


Each molecule is further conceived of ax presenting a negative gur- 
five to the ems or trankverse sections, and a pasitive surface to the 
longitudinal surface or section of the wusele; the molecule, im fixet, 
may be regarded asa minute battery whose posi and negative 


} Compare the seotion, fn a later portion of the work, on the Respl- 
ratory Changes in the Tissues, 
* Ludwig's Arbeiten, 1871. 
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gd are dt the Tongitudinal and transverse surfaces respectively. 
reasons which will appear presently the molecules are farther 
to be not single but double, each half-molecule consisting, 
as in Fig. 28, of a positive and negative part, and the two 
pear varia of the two halves being placed together so that the 
ible molecule still presents negative surface to exch end or 
transverse section, and a positive surface to the longitudinal surfice 
or section of the muscle. 

The presence of these (so-called peripolar) molecules dixposod 
throughout the substance of the muscle will give rise to currents 
in the medium by which they are surrounded, Around each mole- 
eale will stream currents circling from the positive middle to the 
negative ends; owing to the imperfect conductivity of the medium 
hese enrrents will not only flow, as shown in the diagram, in the 
immediate neighborhood of each molecule, but will extend in more 
or leas concentric lines at some distance from the molecule. Hence 
when the electrodes of a galvanometer are connected with two points 
of the surface of the muscle, the deflection of the needle will indi- 
cate a surface current which is a resultant of the numerous currents 
of the several molecules. And a little consideration will show that 
the direction and intensity of the currents passing throngh the gal- 
vanomtter in different positions of the electrodes au be such as ig 

m, Fig 
tro nw 


ee, are developed when a perv hjected to the ac 

stant current. For he supposed that under certain ci 

ano these the passage into the nerve ofa constant current) each, 
half of each molecule could be partially or, as shown in Fig. 29, 


Fra. 


Diagram Wastrating Du Bois-Reymoud's Afotecules lu thelr Mipolar Condition, 


ey reversed, 40 that in each half-moleeule the positive gur- 

face was directed to one end ani the negative surface to the other 

end of the piece of nerve. The molecule thus, from being petipolar 

Teeomes bipolar, and the currents discharged by each molecule into 
the surrounding medium have all the same directior 

To to explain the undoubted fact that currents 

r exceedingly feel n untoncherd jared mies 

muscled in 
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parelee- 

‘Reymond to be greatly assisted 

who of course wholly denies the existence 

finds no electrical differences in frogs’ muscles 

fi cops in an ioepold oellae, though 

when currents are developed they are increased by an elevation of 


temperature, a “rye ayer 
Tt is obviously reasonable to infer that if this view of Da Bois- 
Reymond's be i carrents do exist in muscles with 


correct, 

untouched natural terminations but exist masked by the parelectro- 

ion, they would manifest themselves in full force immedi- 
ately, without loss of time, upon the removal or destruction of the 
pparelectronomic region ; whereas if’ Hermann's view be correct that 
the enrrents do not pre-exist but are developed by chemical chan, 
due to the injury (or commencing death) of the ends of the ery 
it would be expected that a measurable interyal would elapse be- 


namic 


instance, the tearing or cutting off of the end of a muscle 
appearance of the musclo-currents in their full intensity. 
Hermann bas attempted to show that such an interval docs 
exist. For this purpose he makes use of the fall-rheotome, an in- 
the natare of which may be explained here, as it is appli- 

cable for other purposes besides the one in question. 
Acweight (Fig. 40) ia lot fall from a height of about four foot in 
a course indicated by the arrow and the dotted lines. In falling it 


pansion of the 
lock Q; and 


part of y. 
caleulated 





{Since in the figure the positive surfaces of the molecules look to 
the Ief-band side of the page, the end of the muscle, of which they 


be au to nt parclectronomic elements, must also 
ie cered sa coat an toa berthed ude at ioe mos” 
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A Diagram to Mlustrate the Fall-Rheotome, 


‘The explanasica of most of the fgures of reference is given in the teat, 4, the space 
Detwees the first 1wo Gotted horisontal lines, serves as a measure for the time 


GiroulL. ¢ ie w reversing key connected with « compensator, the use of which Is not 
referred to in the test, for brerity’s sake, 2 the hook by which the gastrocnemius i 


tain number of seconds later. The currents pass through the gal- 
vanometer for the same time ¢, viz., that taken up. by the weight 
from x toy; hence then, if one deflection ix greater than 

current producing it is the stronger of the two cur- 

cases, according to Hermann, the second deflection is 

the first, 7. «, in the first case the muscle-current has 
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sete agA ted the tod y be made to rotate rapidly, with w in the posi- 
a, herve will be stimulated, and the gulvanometer cirenit 
closed at the same instant, a number of times in succession corre 
sponding to the number of rotations. When this is done, it is found 


Fro. 81. 


‘The explanation of the figures of reference in given in the text. The letter f refer- 
ting to the pointer which strikes the wirc w, Is attached to the rod only fm the posisian 
% Siziilarly the references #, #” are only given in the posixion y. 


we, though 

m, mn” 

wasr 

doe ‘ 6 conclusion 

from this isthat the electric change in the nerve, started by each 

of p with w, has not had time to affect the galyanometer 

PB have left m, m”, but. has passed away before p’, p’7 

‘come in contact with m, m” at the next rotation; in other words, 
that the change of condition which leads to the current is 

Fished instantanconly in the nerve, but takes some appreciable tine 

to pass from the stimulated spot to the electrodes counceted with 

vanometer. 
now the position of the wire w be shifted on the are A a short 
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double current was observed | } and has been called 
eis Bapacesl tha, dockis yersisen’”  teteel tee peo 
at times of the one or the other current in the hands of vari- 


Fic. 32. 
Ss a 
ca 


oun We rise to a controversy as to whether the 
pecaienend tats induction-shock nae positive or nega~ 
tive in character. 

Bat if such a double current ix developed between any two points, 
it i¢ obvions that when a mascle or nerve ix tetanized and wave after 
bade al and ees of negativit Haaser both pice, 

2 Sees aed ‘one impul neutralize, Se 
fend t9 nostrallte the curreat float 5 tn aof the suoceedi 
Weare Sivas to Hawuppies that the current which is ol 
my detos the negative variation or current of action from b to 
able to raindfoot itself because at each impulse it is greater 
the current from «to b. Such a difference between the op- 
it arise either from the wave of impulse dimin- 
whole progress, or from its diminishing suddenly at 
‘pe or from both causes combined. If the ney 
med by 6 when the impulse reaches it is less than tl ‘ 
bya the impulse reaches it, the current 
from a to 6 will be less than that from 4 toa ; and this will be trae 
whatever the postion of @ and 6 on the fibre, 

‘Bernstein found that in muscle the “ negative variation dimin- 
ished in its course. Da Bois-Reymond stated that this was true of 

muselo, but was not true of uninjured muscle for a short: 
time after Seasorsl from the body, Hermann finds that in muscle 
pees thus deprived of its blood cirealution 
nal diminution of the eurrent of action as it 
whether the muscle be urarized and stimu- 
hot urarized and stimulated indirestly by means of 

in er ewe two currents of action proceed from 
the middle of the musele (the a of the end- 
oe ends, Co er they go. He found that the 
macle became more exhausted, in 
pen Reymond Hermann brings forward also 
paren ct show that the diminution is —_ lly distributed 
the course of the ttignnlnn tg so that the diminution is 

equal distances of muscle tra’ 


U Mayer, Archly f. Anat. u. Phys., 1868, p. 655. 
12 
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Now in muscles in which by cutting off one end currents of rest. 
have become conspicuous, Du Bois-Reymond has shown that the 
current of action obt hy tetanizing the muscle is greater 
that obtained by similarly tetanizing an uninjured musele, so that 
in the former case either the current of action is in itself greater or 
the negativity diminishes more rapidly along the whole or in some 
Tart Of the cuurea of the Abra {cs tho difertach Ietinean tah ies 

b to cand a to b becomes more marked in favor of that from 
6 to a). By comparing with the help of the fall-rheotome the 
amounts of deflection of the galvanometer in the two cases when 
single induction-shocks are sent into the musele, Hermann cot 
that the wave is not absolutely less in the uninjured musele, o that 
the greater deflection obtained in tetanizing a muscle with an arti- 
ial crost-section must be due to the current from a to b being less 
than is the ease in the uninjured muscle, This may in be due 
toa greater dann ‘of the stimnlus wave as it teuvels, Dut iy a8 
we shall see, probably in large part due toa rapid diminution or in- 
deed extinction of the wave when it reaches , 

Hermann, with the aid of the differential and fall-rheotome, 
finds that in all uninjured muscle, whether stimulated directly or 
indirectly, the two currents from 6 to a and from a to 6 may be ob- 
served us described above. This finst he calls ad-terminal," and the 
seoond ab-terminal: the two being named phasic currents, 


former he finds always oie than the latter. In a muscle with 
1e 


‘an artificial cross-section he finds that as in an aaaderae muscle two 
currents ure developed between two points, provided one be not at 
the cross-section, as from & to.a’ and from @” to 6” (Fig. 32), but. 
between two points, one of which is at the section, a3 @ and 4, onl 
one current is observable, viz, that from 4 to a, & «, the wave dis- 
appears at &; the end of the muscle, for some reason or other, does 
‘not become more negative. From these experiments Hermann con- 
eludes that in uninjured musele, the current of action 

the ordinary method without a rheotome is due to the diminution 
of the stimulus wave as it travels, but that the current of action 
similarly observed when currents of rest are present bas an auddi- 
tional factor, vis., the absence of any power of the wave to. affect 
the end of the fibres. 

Hermann further states that when two moistened threads are 
passed round the forearm of a man, the one about the middle, the 
other at the wrist, and connected by the usual electrodes with the 
Lorene tetanizing the muscles by stimulating the nerves in 

upper arm causes no deflection of the galvanometer; no action 
currents are in this ease perceptible. 

(Thig is in contradiction to the result of the classical experiment 
of Da Bois-Reymond,? in which the index fi of the two hands 
being dipped into vesls containing salt solution and connected 
with a galyanometer, « deflection of the needle takes place when- 





1 Sinco the direction of the current in tho muscle completing the 
clreait would be towards the end of tho fibre. 
* Untersuch. ii. thierische Electricitat, Bd. ii, Abth. 2, p. 276, 1860, 
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the muscles of the one or the other arm are thrown into con- 

ry effort; the direction of the deflection indi- 

of an ascending current in the active arm, 

ing current thus produced is regarded as the result~ 

ba aegetive variations ' or currents of action of the vari- 

rown inte contraction. But this experiment, though 
Spam ae entitactory a pron of a “current of action” 

ive variation,’’ is be train Henmer pie as valueless in 

inaxmmuch as the current o} is according to him 


ae 


pul 
a 


a 


i 


ves present can be separated and recognized, the 
mrefonnd tote it but. to be of equal strength ; th 
Mec punisiorcit soctanl hrasatiss iin fears 


3 
i 


in its course, and hence the two wa’ the ad- 

Rh ab-terminal, compensate one another and cannot 

mamiad in the ontinary manner of looking for currents of action 

in tetanus. The rapidity of transmission of the wave in the above 
was from 10 to 13 meters per second, 

the ease of nerves, since the rapidity of the nervous impulse 


a 


greater than the ray ai if the stimulus wave of muscle, 
tion of the ad- es > 


‘Since the vey of the muscle which is at any moment stimulated 
negative, if the whole of the uninjured muscle from end 

to end were stimulated equally at the same time, every part would 
negative, and no current would occur. Hermann 

= Benet such circumstances no current does occur, This 
requires confirmation, as it is not certain that 

Le it poeble by Pe method given to equally stimulate all parts of 


‘To recapitulate. According to the views of Hermann and en 
followers, the living untouched muscle is isoelectric and the typical 
carrents of cm are AAlmasiee in consequence of the ends of the 
muscle dying and therefore becoming negative. ‘To the experi- 
pester evidence pean on p. 89, we may add that, according to 

Hereeee apt besides serge and nerve 7 

Ao lai ly to living parts of the same tissue, an 
that according to cae ingests although the section of a skeletal 
muscle Femovel from the body, unlike the section of cardiae mus- 

remains negative for an indefinite time, the negativity which 
appears at the cross-section of a muscle divided subcutaneously dis- 
ppears copia awhile in consequence of the cut surfaces being re- 
living condition by the help of the blood-stream, It 

may be pea as a Fo pecmeles against Hermann’s view, that if ina 
muscle it is only the negativity of the cut and dying portion which 





© Piliiger's Archiv, xv (1877), p. 828. 
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away with one factor of the after-action, for he considers that 
there are two kinds of after-action; one, the tener after-action, af- 
xy the whole of the muscle substance; the other, or terminal 
after-uction, concerning the ends of the ‘muscle fibres only. The 
former he believes to be due to the formation of lactic acid during 
contraction, the eleetromotiye force of the molecules throughout 
the muscle substance being thereby diminished, The latter, on the 
other band, he peecnes to be generated by the several contraction 
wares as the ends of the fibres changing some of the 
ike into a bipolar condition, thereby temporarily 
increasing the parelectronomic current, In a muscle with an arti 
ficial transverse section, in which no parelectronomic eurrent is pres- 
aad the tendency of the contraction-waves to establish such a cur- 
by the ion of bipolar Cyne ~ ~ ends ares ieee 
paler rogressive death of the elements. Du Bois- 
Reymond futher thiake that the normal. presence of a yerelestro: 
Sos region, inan uninjured musele within the body is in reality 
terminal after-action, %. ¢., contraction-waves arriving 
xt ‘the ends of the muscular fibres are continually tending to convert 
fae basins into bipolar molecules, Hermann attributes the after- 
action to the musele-plasma not being able under the circumstances 
to return at once to a condition of nutrition, % ¢,, to its normal 
state. 


Tt is, we venture to think, obvious that further researches are 
needed before either the one view or the other can be regarded as 
beyond dispute. 


Electrotonic Currents.—During the passage of a constant cur- 
lectrie currents of the a 
ns of the irritability 
Phas if at arrest eagnlied Tet 
the ba bateery. ats 33), be applied to n piece of nerve hy means of 
two non-polarizable electrodes, p, p’, the currents obtainable from 
various points of the nerve will be different during the pastage of 
the polarizing current from those which were manifest before or 
after the current wax siplieds and, moreover, the changes in the 
nerve-carrents produced by the polarizing current will not be. br) 
same in the neighborhood of be anode (p) as those in the nei; 
Ferlioed of thecahove (7). hun it’ and 21 bo-two pales 
nowmicters xo connected with the two ends of the nerve as to obtain 
evidence of the natural nerve-currents. Before the 
polarizing current is thrown into the nerve the needle of # will oc- 
cupy 8 temp fm indicating the passage of a current of certain in- 
A to i’ through the galvanometer (from the posi 
cut end of the ay en the 
the nerve from fe 
of the arrow, Similarly the 
needle of G will, by i sehen a ipa the paetans of a eure 
ee erste So mg to 9 through the galvanometer, and from g’ to 
g anak the is in the direction of the arrow. 
At instant that the polarizing current is thrown into the 
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nerve at pp’, the currents at gq’, hi” will suffer a negative variation 
corresponding to the nervous impulse, which, at the making of the 
polarizing current, passes in both directions along the nerve, and 


Diagram Mastrating Electrotonic Currents. 


P the pelatisiag bartery, with Ba key, pthe acode, and p the cathode. At the Left end 
Gf the piece of werve the matural carreat flowy through the galvasomerer G from 
107’. in the direction of the arrows: las direction, therefore, la the same as that 
of the polariting current ; comequently It appsars increaved, a4 indicated by the 

The current at the other ead of the piece of nerve, feom A to A’, through 
la a contrary direction w the polarising current; It 
10 be diminished, as dedicated by the aign— 


N, B—For slmpticiny’s sake, the polarising carent fs here supposed ta the thrown in 


at the iiiddle of a piece of merve. and the galvanometer placed at tht two exdy. 
coores It will be understood that the former teay be thrown We aey 
ter cannected wilt sey two pairs of palate which wr. 


or 
here, and tlhe tat 
ive currents 


¢ cause & contraction in the attached muscle. ‘The negative 
variation ia, as we have seen (p, 102), of extremely short duration, 
it is over and gone ina mall fraction of a secomd. It therefore 
must not be confuamded with a permanent effect, which, in the case 
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this result by 
nerve 


trapolar regions between the polarizing electrodes has been much 

c |, some observers maintaining that it is in reali iy absent 
from this region, and confined entirely to the extrapolar districts, 
while others it.as existing in the intrapolar region as well. 
All agree spreads, with a diminution in intensity, for some 
distance along the extrapolar districts in both directions. 

‘When the polarising current is broken there is a rebound in the 
opposite direction, the natural current previously diminished or in- 
creased being for « brief period increased or diminished. 
bin ae sere ape paras varies i pothns irrita- 

ity, or vital condition of the nerve, being greater with the more 
irritable nerve; and a dead nerve will not manifest electratonio enr- 
= ape! rer, ore Propagation of the current is stopped by a 
ligature, or hy crushing the nerve. 

, the electrotonic current, like the natural eurreat, suffers 

a negative variation during the passage of a nervous impulse,* 
application of the constant current then throws a nerve, dur- 
ing its passage, into 2 peculiar condition characterized by the ap- 
pearance of a new (electrotonio) current, This we may k of 
28a physical eleetrotonns analogous to that iological electroto- 
nus which is made known by variations in irntability. And theone 
set of phenomena are in some respects so similar to the other that 
it seems difficult: not to su; that they are fundamentally con- 
nected. Indeed, Da Bois-Reymond, struck by the differences ob- 
servable between the effects at the cathode and those at the anode, 


irrespostive of the natural currents, hax been lod to complete th 
‘of the physical with the physiological tectonic 
ing of a catelectrotonic current and an anelecteotonic cures 
¢ateloctrotonic current, according to him, like the cateloctrotoni 
erens: of irritability, rises very rapidly (almost immediately) to a 
ain and then speedily declines. The anelectrotonic current, 





4+ Bernstein, Archiy Anat. Phys, 1856, p. 596. 





RLECTROTONIC CURRENTS. 141 


which Mattencei observed appear to have been due 
to the current ina itudinal direction, in consequence 
i thasseeninnes oddered by polariansin taking place between the 
core and its sheath. Whien no such polarization oceurs, when for 


instance the core is umalgamnted zinc and the sheath a layer of eat- 
urated zine sulphate volution, the excape of the current in a longi- 
tudinal direction is slight. Under the influence of polarization ret 
up between the core and the sheath the escape of the current in 
eepicasieal Joops along the sheath becomes more and more marked, 
the acne indicates in the extrapolar regions éxtending 
to some the existence of currents, having the same direc- 
tion as the constant current which ix being applied, The deyelop- 
ment of these currents is further dependent on an absolute continuity 
(mere contact of parts is insufficient) of the core and the sheath re- 
; And Hermann contends that though we may not be 
justified in assuming between the sarcolemma of a muscle and the 
» or between the primitive sheath of w nerve fibre 
and its contents, such a difference of conductivity as exists between 
the core and sheath in Matteucci's experiment, yet the fact of the 
resistance of living muscle and nerve being so much greater 
in a transverse than in a longitudinal direction, is due to an inner 
polarization taking place between the muscle or nerve substance of 
a muscle or nerve fibre and its ive sheath, and hence the 
comparison of these structures with Mattcucei's experiment is valid. 
Moreover this inner polarization is (in the muscle wholly, and in the 
nerve in large rt) dependent on the vital condition of the tse, 
jattencei’s experiment is ly an illustration of 
what takes place in a living nerve (or muscle); the electrotonie cur- 
rent is simply an eseape of the polarizing current. It is absent or 
insignificant in a dead nerve, because the inner polarization, which 
determines the longitudinal escape of the current, is a function of 
the living states and it is stopped ly Tignture or crushing, because 
tha nervous substance of the bres is thereby converted into a dead 
and indifferent subetance, and the functional continuity of the nervous 
‘core thereby broken. 

He farther offers an explanation why the eseape of the carrent 
under these circumstances leads to the physiological phenomena of 
catelectrotonus and anelectrotonus, but on this point we must refer 
the readers to the original Memoirs.* 





liestions, Untersuch. i. thierische Electricitat, 1848-60, 
later articles ome In Gesammelte Abhandlungen x. 


‘Vin, vol. iii (1870), p. 15. iv (1871), p. 149, 

mungen; ¥ (1872), p. 293, vi (1872), p. 312, Wirkung galvaniecher 

Berome;. Wh tis P60; Galvanische Verhalten wibrend der Er- 
ing; wii (1 , Gosetz der Erregungaleltung ; viii (1874), 

Rite ueteneme 2 (1875), p. 216, Polurieation und Erregung ; 
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at the height of contraction, it ix obvious 
work, for the muscle returns 

work, the more o the heavier the and 
¢ it is rane IF now both A and B are excited 

‘stil equal contractions, the temperature 
B, because of the same energy set free in 
goes out as work in B, he sr eli 
mosten) that 
that the tension 
1 increases all the chemical a a the musele 
production of carbonic acid), and thas 
set free. If A and B ie yea loaded, 
the load remaining all the time, the load 
ioved st atthe hei, ht Kolar pha it is then found that 
the warmer of t ‘This experiment is not without 
‘Avis (inmediatoly af jer the contraction) stretched by 
80 its chemical ¢l increased, whereas J is 
leideahain has shown thi is sufficient to account 

the warmer. 

‘act natare of the chomical changes we know nothing. 
stated (p. 99), there ik no evidence of poke 

naa being given off as waste; such nitrogenous 

bodies as are present in muscle, kreatin, etc., may be regal 

wear aml tear of the machine, and not as products of of the 
material consumed in the work. Yet it is hardly consonant with 
what we know ebewhere, to suppose that the contraction of a 
muscular fibre has for its essence the decomposition of @ non-nitro- 
substance; and we may suppose that the explosion docs 
inyolve some nitrogenous products, which, however, are retained 
in. Hermann, insisting on the 


traction splits up into carbonic Pal 
le further supposes the nitrogenous he to = myosin, 
whieh, however, while still-in the form of a gelatinous clot, ix re- 
reconyerted into inogen. But the fact that myosin 
thas probably antecedents like thoss of fibrin, and is not formed 
direetly as & product of the decomposition of a more complex body, 
and ier the fact that while in rigor mortix extensl i 
diminished, m a contraction it is inereased, seem insuperable ob- 


jections to this view. It may be worth while to point out that 
daring even the most complete repose muscle is 0 ndergoing: al 
changes, which, as we know, are the same in 

in degree from thos characteristic of « contract 

acid is constantly being peers and probably Inct 


being rid of 28 they form, just as they are got of it in larger 
feuidies daring the repose ‘which follows contraction, Supposing 
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the existence ofa substance which splits up into these various prod- 
ucts, and which we may speak of as the true contractile material, 
it fibverident that this material being thus constantly used op, must 
be as anew ey re| a ae a stream of chemical su 
Reine tees ing through muscle, the raw material 
cele Ine pradually converted into true contractile 
iat the down again of which is gentle and gradual so 
long as the muscle is at rest; when a contraction takes place, the 
aa When rigor mortis sets in, 
the material is decomposed. It has 
Ketter that according to Hermann the total 
of enya probly of lactic acid produced after removal from 
the is the same whether contraction takes pees Sens ae the 
material for the contraction being apparently taken away from that 
destined for rigor mortis. This means that the manufacture of true 
contractile material ix suddenly arrested immediately on the cessation 
of the pes -eurrent, no more being aaa med. beige # 
slate o! is quite contrary to our gener 
dence, and there are other fics which render doulefale any 
itmay be mentioned that no sutisfuetory explanation can ey given 
of the connection between the microscopic structure of a striated 
muscular fibre and its contraction, Striation is characteristic of 
muscles whose contraction ix rapid, but the exact purpose of the 
strim remaine as yet unknown. 


Tt was Haller’ who laid the foundations of our knowledge of the 
of Muscle and Nerve by, establishing the doctrine of 
mouscular SH nervous irritability. The most important results 
since that time haye been thore gained by the investizations of 
Weber’ on the physical changes which attend a muscular con- 
traction, of Da Bois-Reyn on the electrical phenomena of 
mnscle and nerve, of Helmholtz’ on the ‘velocity nervous im- 
pulses, and on the relative duration of the several phases of a con- 
traction, af Pfliiger® on electrotonus, of Kthne’ on the chemistry 
of muscle, and of Hermann* on the respiration of tuscle and on 
the electrical phenomena of muscle and nerve. The researches of 
other and more recent authors are quoted in the previous text, 


} Together with certain nitrogenous clernents still remaining in the 
muscle, according to the view explained abov 
De Part, Corp. Hum, sontientibus et irritabilibus, 1768. 
: eer pepe ‘Wagner's Handwérterbuch. * Op. clt. 
* Miller's Archiv, 1860, Berichte Berlin, Acad,, 1864, 1864, 
* Untersach, 2. 1G, Physiologie des Electrotona, 1869. 
1 Protoplaxm * Op. cit, 
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Sere. 7. Unsrriatep Muscunar Tissue, 
[Physiological Anatomy of the Unstriated Muscles. 


‘The unstriated muscles consist of flattened bands or layers, 
which are made up of bundles of fibres. These fibres are com- 
posed of clongated, fusiform, protoplasmic cella, containing an 
Sones em nucleus or nuclei, which is usually surrounded by a 

amount of granular protoplasm. (Figs. 34 and 35.) 


Fra. 4. Fre, 35. 


Fro. H—Three vastriped muscular fibre cells from human arteries, ¢ and $ show 
calla with muclet; 4 ls call created with acetic acid, making nuclei more distinct, 


‘Pia, 35.-—Musoslar fee cells from the bladder. @ shows them in a normal condition ; 
4}, treated with acetic ackd, which dissolves the granular contents, leaving the nuclei. 


do not possess a sheath, or sarcolemma, like the 

skeletal fibres, and when ruptured have somewhat irregularly 
aquired ends, 

‘The unstriated muscles are almost entirely distributed to 

the viscera, and are disposed as flattened bands or layers, which 

ross each other at yarious angles, Generally they appear as 
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preset a suptrficial or longitudinal, and a deep or ciren- 
ar er. 

The form of muscular fibre is found in the skin, where the 
fibres are seen to have an oblique course, running from the 
superficial layers of the corium to the hair-follicles, where they 
are inserted. (Fiz. 36) Unstriped muscular tissue is also abun- 
dant in the superficial layers of the corium, at the basis of the 
papille. When these fibres contract they cause numerous 
papillary elevations to spear on the skin, which give the 
He the appearance of what is commonly termed “ goose- 

in. 


‘The unstrinted muscles appear to be more intimately con- 
nected with the sympathetic nervous system, and controlled 
chiefly by them, while the skeletal muscles are animated by 
the cerebrospinal system, According to some observers the 
fibres of the intestines are alinost exclusively supplied by the 


Feo. 8 


Perpendiculat Secon throwgh the Sealp, with two Hairsics. a, epidermis; 4, cotls: 
¢, Muscles of che hair-Pllicles.—After Kotsixzs. 


wpathetic nerves. In the former class of fibres, from the 
fet of their being generally uninfluenced by the will, and 
of their principal distribotion heey to the organs of nutrition 


and growth, they have been termed the museles of organic life. 
Tn the latter class, because of their being presided over by the 
cerebrospinal system, their more intimate connection with the 
animal functions, and their volitional character, are termed 
the muscles of animal life.) 


Our knowledge of the phenomena of these structures is very 
imperfect, since (in vertebrates) they do not exist in isolated 
muses, like the striated muscles, but occur as constituents of. 
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organs, such as the intestine, ureter, uterus, ete. They 

undergo rigor mortis; and what littl: information we do pos 
#8 concerning their chemical and physical features leads us 
to believe that the processes which take place in them are fun- 
damentally identical with those occurring in striated muscle, 
the two differing in degree rather than in kind. When stimu- 
lated, they contract. If a stimulus, mechanical or electrical, 
be a to the intestine or ureter of a mammal, a circular 
contruction is seen to take place at the spot stimulated. The 
contraction, which ix preceded by a very long latent period, lasts 
a very considerable time, in fact several seconds, after which 
relaxation slowly takes place. That ix to say, over the circu- 
larly dispersed fibres of the intestine (or ureter) at the spot in 
uéstion there has passed a contraction-wave remarkable for 
Tong latent period and for the slowness of its development. 
From the spot so directly stimulated, the contraction may pass 
ax a wave (with a length of 1 em, and a velocity of from 20 
to 30 millimeters a second in the ureter’), along the circular 
coat both upwards and downwards, The longitudinal fibres 
at the «pot stimulated are also thrown into contractions of alto- 
gether similar character, and a wave of contraction may also 
travel longitudinally along the longitudinal coat both upwards 
and downwards. It is evident, however, that the wave of con- 
traction, of which we are now speaking, is in one respect different 
from the wave of contraction treated of in dealing with stri- 
ated age In ae sae a a Cenc arenes ‘a one 
propagated along individual fibre; in the case of the in- 
testine or ureter the wave is one which is propagated from 
fibre to fibre, both in the direction of the fibres, as when the 
whole circumference of the intestine is cngued in the contrac 
tion, or when the wave travels longitudinally along the longi- 
tudinal coat, and also in « direction at right angles to the 
axes of the fibres, az when the contraction-wave travels length- 
ways along the circular coat of the intestine, or when it passes 
across # breadth of the longitudinal coat. In addition to this 
, it is obyious that a contraction-wave pass- 


ede hia a single unstriated fibre also differs from that 


ing & striated fibre, in the very great length both of 
Ta intent period and of the duration of its contraction. 


Tf the stimulus be severe when mechanical, or if the interrupted 
be used as a stimulus, the duration of contraction may be 





* Engelmann, PAdger's Archiv, ii (1860), 243. 
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still further prolonged ; but there is no evidence that a series of 
contractions are fased into a tetanus, as is the case in the striated 


muscles, 

Like the xkeletal muscles, whose nervous clements have been 
rendered functionally incapable (p. 112), unstriated muscles are 
much more sensitive to the making and breaking of a constant eur 
rent than to induction-shock. 

‘blo to the 
‘the 


mnperatare 
below 12° C,, and are most active at a temperature above 21° C. 
Bo Crd we movements of the intestine cease at a temperature be- 


‘Waves of contraction thus ‘ing along the circular and 
longitudinal coats of the intestine give rise to what is called 
peristaltic action, 

Tn striking contradistinction to what takes place in the 
strinted muscles, automatic movements are exceedingly com- 
mon in structures built up of non-striated muscles; these 
moreover exhibit a great tendency to rhythmic action, Thus 
the peristaltic action of the intestine and ureters and the 
corresponding movements of the uterus, are at once rhythmic, 
and largely automatic. How far the automatism and the 
rhythm are due to nervous elements is uncertain. 


According to Engelmann’ the middle and part of the upper third 
of the ureter in the rabbit’ contains no discoverable nervous ganglia, 
yet. this portion exhibits automatic rhythmic contractions. We may 
suppose that, in the absence of an adequate nervous arrangement, 
the piereeaiien of the contrastion-wave is, in this part of the ureter, 
carried on by the simple contact of the adjacent surface of the fi 

ich, as is known, possess no sarcolemma), The fibres, by their 
complete contact, may be spoken of as being physiologically canting 
iris with each piher [ha vanscies are vectoasly stented. ty aie 
ferent poisons. Narootios generally, nitrite of amyl, nitrite of potas- 
sium, apomorphino, frooyanic acid, and namerous other 
depress or em. Physostigma and caffein stimulate them 
if directly ied. Veratria first stimalates and afterwards par- 
alyzes them. Ergot seems to possess a remarkable power in causis 
contraction of the muscles of the uterus, and its chief therapeutic 
use is for thix purpose. When they are placed in certain gages, 
such a3 carbonic acid, carbonic oxide, hydrogen, ete., they soon lose 
their irritability. In an atmosphere of oxygen they will remain 
irritable for a very long period. } 





{ Bdager's Arcte, xii (1876), 508, * Op. elt. 
5 


* This does not soem to for other animals. Cf. Dogiel, 
Arch. £. micros, Anat, xiv (1878), p. 64. 





cILia. 


Sx. 8 Carpiac Musces, 


seen that they are intermediate between ordinary 
and non-strinted muscles, 


Sre. 9, Crt. 


Ciliary movement consists in the rapid flexion (into a 
sickle or hook form) of the cilium and ite less rapid return 
to its previous straight form. The diminished velocity of the 
return leads to the force of the ciliary action being exerted 
in the same direction as the flexion. The cause of the flexion 
seems to be the contraction of the cilium, and that of the 
return an elastic reaction. 


Various attempts to explain the movement by the presence of 
jal mechanisms at the base of the cilia have hitherto failed. 


difficult however to understand how the peculiar sick! 
of the cilium can be brought about unless the contractile material 
is continued up into the ciliuns itself. 


Ciliary movement appears therefore to differ from ordinary 
muscular contraction chiefly in the size of the apparatus con- 
cerned. The moyement is exceedingly rapid ; thas Engel: 
mann” has estimated that in the frog the flexions are repeated 
at least twelve times in « second. The movement in fact is 
too rapid to be visible; it ean only be seen at time when 
exhaustion and coming death have begun to retard the sc- 
tion ; thus Engelmann found that he was first able to count 
them when their rapidity declined to eight in a second. The 
tail of a spermatozoon is practically a single cilium, 

In the vertebrate animal, cilin are, as far ax we know, 
wholly independent of the nervous system, und their move- 

probably ceaseless, In such a , however, ax 
Thfusoria, Hydrozoa, etc. a ciliary tract often be seen 
to stop and go on again, to move fast or slow, according to 


f, Nussbaum, Archiv f. micros. Anat., xiv, 1877, p. 390. 
* Udder die Flimmerbewegung, p. 22 (1868), 
1% 
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the same cally buried at some distance from the surface of 
the body, and thus less susceptible to external influences. 
(Pig. 37, A,B.) Lf in Hydra, we imagine the junction of the 
ectodermic muscular process with the body of its cell to be 
drawn out into a thin thread (as is said to be the ease in 
some other Hydrozoa), we should have just such a primary 
nerve. Since there would be no need for such a means of 
communication to be contractile and capable of itself chang- 
ing in form, but on the other hand an advantage in its re- 
maining immobile, and in its dimensions beimg reduced as 
much as possible consistent with the maintenance of irrita- 
bility, the primary nerve would in the process of de 

ment lose the property of contractility in proportion as it 
heeame more irritabl . more apt in the propagation of 
the waves of disturbance arising in the ectodermic cell, 

We have already seen that uutomatism, 7, ¢,, the power of 
initiating disturbances or vital impulses, independent of any 
immediate disturbing event or stimulus from without, is one 
of the fundamental properties of protoplasm. In simpler, but 
less exact lan; » such & mass of protoplasm as an amaba, 
though susceptible in the highest degree to influences from 
without, “has a will of its own;” it executes movements which 
cannot be explained by reference to any changes in surround- 
ing circumstances at the time being. hydra has also a will 
of its own; and seeing that all the constituent cells (beyond 
the distinction into ectoderm and endoderm) are alike, we 
have no reason for thinking that the will resides in one cell 
more than in another, but are led to infer that the protoplasir 
of each of the cells (of the ectoderm at least) is automatic, 
the will of the individual being the co-ordinated wills of the 
component cells. In both Hydra and Amba the processes 
concerned in automatic or spontancous impulses, though in 
eo independent of, are subject to and largely modified by 
influences proceeding from without, Indeed, the great value 
of automatic processes in a living body depends on the autom- 
atiam being aifected by external influences, and on the simple 
effects of stimulation being profoundly mbdified by automatic 


‘The next step of development beyond Hydra is evidently 
to differentints the single (ectodermic) cell into two cells, of 
which one, by division of labor, confines itself chiefly to the 
simple development of impulses us the result of stimulation, 
leaving to the other the task of automatic action, and the 
more complex transfirmation of the impulses generated in 
itvelf, The latter, which we may call the eminently automatic 
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all tly speak of as refltx action), will natu- 

wil wn from the surface of the body, while the 

other, which we may call the eminently sensitive cell, will still 
retain its su inl position, so that it may most readily be 
affected by all changes in the world without, Fig. 37, C. And 
just as a primary motor nerve arises as a retained thread of 
communication between a sensitive cell and its muscular proe- 
83, $0.8 primary 6 nerve may be conceived of as arising 
as a thread of communication between an eminently sensitive 


cell pereee much of the work which it has to do is of the 
kind we sl 
rally be 


automatic cell, no. longer 
sities of being which are imp 


in turn is connected by means of a motor nerve with the mus- 
cular fibre-cell. 

We have already seen that the physiology of the motor 
nerve cannot, without inconvenience, be separated from that 
of the muscular fibre. In the same way the physiology of 
the sensory nerve cannot well be separated from those modi- 
fications of superficial sensitive calle which constitute the 
organs of sense. We may add that the special physiology of 
the central nervous: cells ean only profitably be ‘studied in 
connection with the sensory organs. In the present chapter, 
therefore, we purpoee to confine ourselves to the consideration 
of the = and most general properties of the central 
nervous cells, 


‘These are arranged in the vertebrate body in two great 

+ the cerebrospinal axis and the various ganglia seat- 

tered over the body; we shall deal with such properties only 
a# are more or less common to the two systems. We may 
Premise that as far az our knowledge at present goes, the proc- 
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automatism for the sake of being more efficient in modifying 
sensory impulses, with a view of transmuting them into motor 
impulses, and 30 of siving rise to appropriate movements, 
We thus gain the fundamental and primary differentiation of 
the work of « central nervous system into automatic and into 
reflex operations. These are very clearly manifested by the 
brain and spinal cord, and probably also, though this is less 


certain, by the sporadic ganglia. 


Automatic Actions—In the vertebrate animal the highest 
form of automatism, individual volition, with which conscious 
intelligence is associated, is a function of certain parta of the 
brain. There are evidences of the existence in the brain of 
other forms of automatism. All these will be considered in 
detail hereafter. 

Tn the spinal cord separated from the brain by section of 
the medulla oblongata, it becomes difficult to draw a line be- 
tween purely automatic and reflex actions. Thus, when we 
come to deal with respiration, we shall see that while there 
can be no doubt that the muscular respiratory apparatus is 
kept at work by impulses proceeding, in a rhythmic manner, 
from a \ group of nerve-cells, or respiratory nervous centre, in 
the medulla oblongata, it is an open question whether those 
impulses, whose generation is certainly modified by centripetal 
impulses passing to the centre along various nerves, are abso- 
lately automatic, i. ., whetlier they can continue to make their 
appearance when no influences whatever from without are 
brought to bear upon the centre. ilar doubts hover round 
other automatic functions of the spinal cord. We shall see 

r reasons for speaking of the existence in the medulla 
oblongata of a yaso-motor centre, that is of a group of nerve- 
cells, whence impulses habitually proceed slong the so-called 
yaso-motor nerves to the muscular coats of the small arteries, 
and keep these vessels in a state of semi-contraction or tone. 
Here too it is doubtful whether these motor or efferent im- 
[sag ean be generated in the absence of all sensory or afferent 

pulses. The posterior lymphatic hearts of the frog are con- 
nected by the small tenth pair of spinal nerves with the gray 
matter of the termination of the spinal cord, in such a man- 
ner that destruction of that part of the spinal cord or secti 
of the tenth nerves i tly puts anend to the rhythmic 
Pulsations of the lymp! ris, Here it would seem as if 
rhythmic impulses were automatically generated in the | 

the cord, and proceeded along the efferent nerves to 

hearts, thus determining their rhythmic pulsations. But 
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if it be true, as asserted, that the rhythmic pulsations, though 
arrested fora time by severance of the nerves, or destruction 
of the lower end of the cord, are after awhile resumed, then 
these, too, can be no longer counted among the automatic 
phenomena of the cord. And so in other instances which we 
shall meet with in the course of this book. The existence of 
automatism, then, even of this comparatively simple character, 
is at least doubtful. ‘That all higher automatiem comparable 
at least to that of the cerebral hemispheres is absent, may be 
as certain. 

the sporadic ganglia the evidence of automatic action 
seems more clear, and yet is by no means absolutely decisive. 
‘The beat of the heart is « typical automatic action; and, since 
the heart will continue to beat for some time when isolated 
from the rest of the body (that of a cold-blooded animal em- 
tinuing to beat for hours, or even days), its automatism must lie 
in its own structures, When, however, we come to discuss the 
beat of the heart in detail, we shall find that it ix still an open 

juestion whether the automatism is confined to the ganglia 
Gather of the sinus venosus, wuricles, or auriculo-ventricular 
boundary), or shared in by the muscular tissue: whether, in 
fact, the automatism is a muscular automatism like that of a 
ciliated cell, or the automatism of a differentiated nerve-cell. 
And yet the heart is the case where the automatism of the 
ganglia seems clearest. 

@ peristaltic contractions of the alimentary eanal are au- 
tomatic movements; we cannot speak of them as heing simply 
excited by the presence of food in the canal, any more than 
we can say that the beat of the heart is caused by the pres 
ence of blood in its cavities. When absent they may be set 
agoing, and when present may be stopped without any change 
in the contents of the canal. They may, of course, be influ- 
enced by the contents, just a8 the beat of the heart is influ- 
enced by the quantity of blood in its cavities Throughout 
the intestines are found the nerve plexus of Auerbach and 
that of Meisner; to cach or both of these the automatism of 
the peristaltic movements has been referred, Yet in the ureter, 
whose peristaltic waves of contraction closely resemble that of 
the intestine, automatism is evident in the middle third of its 
longth even’ when completely isolated ; in which region (in 
the rabbit at least), accor ¢ to Engelmann,’ ganglia, and 
indeed nerve-cells, are entirely absent. 


+ PAlger’s Archi (1869), fi, 248. 
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‘Thus, while in the spinal cord there is doubt whether purely 
as stringently distinguished from reflex, actions 
take place, in the case of the sporadic ganglia the uncertain 
is whether the clearly automatic movements of the ongans wil 
which the ganglia are asyociated are due to the nerve-cells of 
the ganglia or to the muzoular tissue itself. 


Reflex Actions—The spinal cord offers the best and most 
numerous ante of reflex action. In fact, reflex action 
may be said to par excellence, the function of the spinal 
cord; and the gray matter of the spinal cord may be broadly 

asa multitude of reflex centres. We have here to 
consider the cord merely in its general aspects, and must post- 
pone the special consideration of the particular forms of reflex 
action which it exhibits, as they come before us in various con- 
nections, or until we have to deal with it as part of the great 
central nervous machinery. 

In its simplest form a reflex action is as follows: All the 
machinery it demands is (a) # sentient surface (external or in- 
ternal), connected by (6), or, to adopt the more general and 
better term, afferent nerve, with (c) central nerve-cell or 
arp of connected nerve-cells, which is in relation by means 
of (d) a motor, or efferent, nerve or nerves, with (¢) a muscle 
or muscles, or some other irritable tissue elements, capable of 


(Pac. 33. 


(ea ae i 





Diagrass Miuserating Siaplese Form of Reflex Apparatus.) 


responding, by some change in their condition, to the advent 

of Uferent flesciee ‘The afferent impulses started in a, pass- 

ing along 6, reach the centre 0, ure there transmuted into effe~ 

rent impulses, which, pasting along d, finally reach ¢, and 

produce a cognizable effect. The essence of n reflex 

‘action consists in the transmutation, by means of the a 
protoplasm of « nerve-cell, of afferent into efferent impu 

As an approach to » knowledge of the nature of that trans- 

Mutation we may lay down the following propositions: 

The number, intensity, character, and distribution of the efferent 

ined chiefly by the events wlio take place in the 

centre. “It is not that theafferent impulse 

the nerve-cell, and so becomes with but 

On the contrary, an affe- 
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the same side, which frequently will execute a movement cal- 
culated to push or wipe away the stimulus. By forcibly pinch- 
ing the same spot of skin, or otherwise increasing the stimulus, 
the resulting movements may be led to embrace the fore 
of the same side, then the opposite side, and finally, almost a 
the muscles of the body. In other words, the disturbance set 
guing in the central nerve-cells confined when the stimulus is 
slight toa few nerve-cells and toa few nerve-fibres, overflows, 90 
to speak, when the stimulus is increased, on to a number of ad- 
joining (and we must conclude) connected cells,and thus throws 
into a large and larger number of efferent nerves. 

in relations may be wd between the sentient apot 
stimulated and the resulting movement. In the simplest cases 
of reflex action this relation is merely that the muscles 
thrown into action are those governed by a motor nerve, 
which is the fellow of the sensory nerve, the-stimulation of 
which calls forth the movement. In the more common reflex 
actions of the brainless frog, and in other cases, the relation 
is of such a kind that the resulting movement bears an adap- 
tation to the stimulus; the foot is withdrawn from the stimu- 
lus, or the movement is calculated to push or wipe away the 
stimulus, In other words, a certain purpose is evident in the 
reflex action. 

‘Thus in all cases, except perhaps the very simplest, the 
movements called forth by a reflex action are execedingly 
complex, com) with those which result from the direct 

jmulation of a motor trunk. When the peripheral stum 
of a divided seiatic nerve is stimulated with the interrupted 
current, the muscles of the leg are at once thrown into tet 
‘anus, continue in the same rigid condition during the pasage 
of the current, and relax immediately on the current bein 
shut off When the same current is applied for a pees 
only, to the skin of the flank of a brainless frog, the leg is 


this complex movement, this balanced and arranged 

of contractions, may be repeated more than once us the 

of a single stimulation of the skin. When a deep 

by a dash of cold water, the same co-ordi- 

lly arranged series of contractions is also 

to result, as part of a reflex action, from a simple stimu. 
And many more examples might be given. 

such cases as these, part of the complexity may be due 
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Csaba a gelescent intestine is eeota or [rele 
stinval , peristaltic action is set u lere again 
i it in the intestinal walls ae be su to sie 
i ae ee aes ane simple than the beat 
¢ heart, and as it, and more especially as rds 
the similar peristaltic action of the ureter, it becomes dificult 
wo lish @ movement governed by ganglia, and 
one luced by direct stimulation of the muscular fi 
We have seen that the great distinction between a reflex ac- 
tion and a movement caused by direct stimulation of a nerve 
or of a musele lies in the greater complexity of the former; 
and we may readily imagine, that by continued simplification 
of the central nervous machinery, the two might in the end 
become so much alike as to be almost indistinguishable. 

Tn the vertebrate animal then the chief seat of reflex ac- 
tion is the spinal cord and brain. We say “and brain” be- 
cause, as we shall see later on, the brain, in addition to Ita 
automatism, is as busy a field of reflex action as the spinal 


Inhibition —In speaking of reflex action, we took it for 
that the spinal cord was, at the moment of the 
arrival of the afferent impulses at the central nerve-cells, in 
@ quiescent state; that the nerve-cells themselves were not 
om in any automatic action. We were justified in doing 
£0 use, as far as the muscles generally of the body are 
concerned, the heer cord is in a brainless frog perfectly 
quiescent; an afferent impulse reaching an ordinary nerve- 
the spinal cord does not find it preoceupied in any 
other business. But what happens when afferent impulses 
reach a nerve-cell or a group of nerve-cells already engaged 

in automatic action? 
We have already referred to an automatic respiratory centre 
in the medulla oblongata. We may here premise, what we 
' show more in detail hereafter, that the pneumogastric 
nerve is peculiarly associated as an efferent nerve with this 
respiratory centre. Now if the central end of the divided 
pneumogastric be stimulated at the time when the respiratory 
centre is engaged in its accustomed rhythmic action, sending 
out alary co-ordinated impulses of inspiration (and of ex- 
raise at regular intervals, one of two things may happen, 
choice of events being determined by circumstances which 

not be considered here, 

most striking event, and the one which interests us now, 
the respiratory rhythm is slowed or stopped altogether. 
‘This is to say, that afferent impulses which, under ordinary 
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‘To sum up, then, the most fundamental properties of ner- 
‘yous tissues, 

Nerve-fibres are concerned in the propagation only, not in 
the origination or transformation of nervous impulses. As far 
as is at present known, impulses are propagated in the same 
manner slong both sensory and motor nerves. Sensory im- 
pulses differ from motor impulses inasmuch as the former are 
generated in sensory organs and up to the central nervous 
cells, while the latter pass from the central nervous calls to 
muscles or to some other peripheral organs. 

‘The operations of the nerve-cells are either automatic or re- 
flex. In both an automatic and a reflex action, the diversity 
and the co-ordination of the impulses is determined by the 
condition of the nerve-cells. During the passage of impulse 
ae nerve-fibre there is no augmentation of onetgy 5 in pass- 
ing through a nerve-cell the augmentation may be, and gen- 
erally is, most considerable. 


en afferent impulses reach centre already in action, the 
activity of that centre may, according to circumstances, be either 
depressed or exalted, may be “ inhibited” or “ augmented.” 


. The sketch of the evolution of a nervous system given at the be- 
ginning of this chapter is based on the observations of Kleinenberg 
and subsequent results of Kimer,’ 0. R. Hertwig,? and 

view expressed as to the inal continuity of 
muscle and nerve is supported by the now well-recognized fact that 
in skeletal muscles the axis<cylinder of the motor nerve oot only 
pierces the sarcolemma, but comes into close contact with the cou- 
fractile substance; and this truth we owe largely to Kihne.* 





1 Hydra, Leipzig, 1872, 
*ologachn Uatarich, 1874. Archiv f. micro. Anat, xiv (1877), 


i Das NervenSystem und die Sinnes-Organe der Medusen, 1878. 

4 Phil, Trans., 1876, p. 269, 1877, p. 659. 

* Archiv € Anat, und Phys, 1869, p. 664, Ueber d. periphorischon 
Endorgane der motoriscben Nerven, 1862, and subsequent papers in 
Virchow's Archiv, Bde. 24, 27, 28, and 29/ Doyére undoubtedly had 
Lng ee (1840) seen the continuity of tho motor perve-fibre with 

parcolesima~ ess muscalar fibre in invertebrutes (tardigrados), and 
‘Wagnor (1847) had expressed u belief that in vertebrates also the mo- 
tor nerve-Bbre ends in the muscular fibre. Yot we owe to Kithne the 
first definite proof that both in vertebrates and in invertebrates, the 
muscular fibres of which possess a sarcolemma, the axis-cylinder pierces 
the sarcolemma. We are indebted to him alsy for the discovery of 
the mode of termination of the axix-cylinder in the muscular fibres 
‘of amphibin, as well as for a correct appreciation of the structure and 
within the sarcolemma of tho end-plate or essential part of 
Rerve-eminence (nerven-bGgel) discovered in other vertebrates by 
Rouget, Krause, and Engelmann. 
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CHAPTER IV. 
THE VASCULAR MECHANISM. 


Tw order that the blood may be a satisfactory medium of 
communication between all the tissues of the body, two thin, 
are necessary. Tn the first place, there must be through all 
parts of the body a flow of blood, of a certain rapidity and 
general constancy. In the second place, this flow must be 
susceptible of both general and Jocal modifications. In order 
that any tise or organ may readily adapt itself to changes 
of circtimstances (action, repose, etc.), it is of advantage that 
the quantity of blood pene to it should be not absolutely 
constant, but eapable of variation. In order that the material 
equilibrium of the body may be maintained a# exactly as 
possible, it is desirable that the loading of the blood with sub- 
stances proceeding from the unwonted activity of any one 
tissue should be accompanied by a greater flow of blood 
through some excretory or metabolic tissue by which these 
substances muy be removed. Similarly it is of advantage to 
the body that the general flow of blood should in some circum- 
stances be more energetic, and in others less so, than normal, 

‘The first of these conditions is dependent on the mechanical 
and physical properties of the vascular mechanism ; and the 
qfobleras connected with it are almost exclusively meclianieal 
or physical problems. ‘The second of these conditions do- 
pends on the intervention of the nervous system; and the 

roblemy connected with it are eentially physiological probe 
lems. 


I. Tae Prvercan Paxxoxexa or mie Creviariox. 


‘The Apparatus concerned in the Maintenance of the Nor- 
mal Flow is as follows: 


1, The heart, beating rhythmically by virtue of its contrac- 
tility and intrinsic mechaniems, and at each ext discharging 
a certain quantity of blood into the aorta. For simplicity's 
mike we omit for the present the pulmonary cireulation. [For 
the physiological anatomy of the heart, seo page 191.) 
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2. The arteries, highly elastic throughout, with a cireular 
museular element increasing in relative importance as the 
arteries diminish in size. It must not be forgotten that the 
muscular element is alzo elastic. 

{The walls of the arteries consist of three coats, called re- 
spectively the internal, middle, and external. The inner or 
serous coat consists of an internal layer of ovoid or fusiform, 
nucleated epithelial cells, resting upon a doaeraitaal layer of 
elastic fibres, which on account of its reticulated appearance 
is termed the fenestrated membrane. In the middle-+ized arte- 
ries the inner coat is increased in thickness by the addition of 
connective tiswe and clastic fibres between the epithelium 
layer and the fenestrated membrane. 

"The middle or muscular cont varies both in character and 
thickness according to the size of the vessel. In the smallest 
arteries this coat may be altogether absent, or merely exist as 
# delicate muscular layer. In large arteries there may be 
three or four muscular Jayers. In still Ia vessels, like 
the femoral, numerous alternate layers of elastic and muscular 
tissues are present. In the great vessels of the heart the 
elastic tissue much predominates, the muscular element being 
proportionately less. The general arrangement of the fibres 
of the middle coat is in a transverse direction. 

‘The ecternal coat or funien adventitia is composed principally 
of connective tis having intermingled with it a greater or 
Jess proportion of elastic fibres. In arteries of medium size 
the external coat is composed of two layers, an internal elastic 
and a superimposed connective tissue. In smaller arteries 
the elastic tissue entirely disappears, and the connective tissue 
alone forms the coat. 

‘The arteries are generally inclosed in a fibro-areolar en- 
velope, which is termed a sheath. The sheath is generally a 

or continuation of the fascia of the partic 
part through which the vessel runs or is distributed. 

After an artery is ligated, if the ligature be severed and 
the vessel it will be seen that the internal and middle 
coats have ruptured, and that the external coat alone 
remains intact, by reason of its comparative toughness. 

‘The principal interest to the physiologist in the anatomy of 
the arteries lies in the middle coat, which, on account of its 
muscular and elastic element, plays a very important part in 
be iy and in the pest of the current of blood through 
the body of the cnpiliaries.] 

When an artery divides, the united sectional area of the 
is, a8 a rule, larger than the sectional area of the 
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stem. Thus the collective capacity of the arteries is continu- 
ally (and rapidly) increasing from the heart towards the 
capillaries. If all the arterial branches were fused together, 
they would form a funnel, with its apex at the aorta. ‘The 
united sectional area of the capillaries has been calculated by 
Vierordt to amount to several (eight?) hundred times that of 
the aorta. 


8. The capillaries, channels of exceedingly small but vari- 
able size. (they average about the y}y of a mm, in diameter 
and pervade nearly all portions and tissues of the body, form- 
ing a complex interlacement of anastomoses which are found 
between the terminal ends of the arterioles and the beginnings 
of the veins. (Fig. 39.) 


Web bf Frog's Fost, Showing arterioles (2, 2, 2), beginnings of reise (1, 1, 1); sith 
invermediaze capiltaries wich their amastomoxes. Arrows Indicate the directos of the 
Dlood -careeat 


In structure, the minutest capillaries are composed of a 

simple wall of ov rin or irregularly shaped nucleated 

ithelial cells. 40.) In larger capillaries they have 

aa a delicate, transparent, el embrand, 

ines of juncture of th , brought 

out in a microscopical preparation with silyer nitrate, which 
stains them black. 
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The form and intricacy of the capillary plexuses in the 
different tiseic< ape principally upon the functional relation 
which the blood re to the part, and to the molecular ar- 
rangement of the cells composing the organ or tissue, Thus, 


A, Fine capillaries feom the mesentery... x, capillaries of larger sive and with thicker 
walls, from the pecten of the eye ofa Bird. 


where respiratory changes in the blood are most active, the 
lexuses are relatively more intricate. This is also the case 
the ylands, where the blood-supply is necessarily very 


Fro. 41 Fra. 42, 


Fig, 41.—Distritution of Capillaries in Muxcte. 
Fic, 42.—Capiltary Network around Fatcols 


great, Where the vesels mercly convey blood for nutritive 


| na the plexuscs are much simp . Four of the 
i it forms of capillary meshes, which are dependent 
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principally upon peculiarities in the molecular arrangement 
of the tissue elements, are shown in the accompanying Figs. 
Al, 42, 43, 44. Thus, around the follicles of mucous mem- 
brane, the capillary meshes are very much elongated; in the 


Fra. 43. Fre. M4. 


Fic. €3.—Distribution of Capillaries om the Surface of che Skin of the Finger. 
Fic. 44,—Distribution of Capillaries around Follicles of Mucoux Membrane, 


#kin of the finger they are more or less rounded, ete.] Their 
walls are elastic (as shown by their behavior during the 
passage of blood-corpuscles through them), exceedingly thin, 
Rdigeetocabic’ “They ary’ parrueatie” bith: tothe eels ge 
allowing fluids to pass through them by osmosis, and also in 


Fic. 45. 


Fos, 45,—Vein with valves open. —AfSer Davrom. 
Fic 6. —Vein wiik walves closed y stream of Mood passing eff by lateral chanel — 
‘After Datron. 


the sense of allowing white and red corpuscles to traverse them. 
‘The «wall arterivs and veins, which gradually pass into and 
from the capillaries properly ‘so called, are similarly perme- 
able, the more so the smaller they are. 
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[4. The Veins.—The coats of the veins are three in number, 
similar to those of the arteries, the principal difference to the 
iologist being in the component parts of the middle coat, 


; the 
3 
from the capillaries to the internal organs. 
tervals on the aufernal surface of most ae veins, 
projecting semicircular pouches are seen, arranged in pairs, 
opposite each other. "These pouches are the ealie (Fi yg 
of the veins, and are formed by reduplications of ths in- 
and middle coats. Their function is to prevent a reflux 
blood. The veins form numerous anastomoses; if, there- 
iL becomes filled, and the current stagnated, the 
ke a different channel, as is shown in the above 
i 46.) These bloodvessels are all lined with pave- 
‘of the arteries and veins are supplied with nour- 
small yewels, which are termed the nase waornm, 
form capillary Netra in the middle and ex- 
coats. The portion of the inner coat upon which the 
lint lining rests, as well ux the epithelium, probably 
receives its nourishment from the blood which courses the 
vessel. The arteries are supplied with nerves from both the 
pathetic and cerebrospinal systems ; principally from the 
. Asa general role, nerves have not been found in the 
venous walls.] 
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ries. 
total mass of blood which in life is distributed over both 
arteries and veins. Indeed nearly the whole blood is capable 
of being received by what is merély a part of the venous sys 
tem, viz, the vena porte and its branches, Such veins as are 
various reasons liable to a reflux of blood from the heart 
towards the eapillaries, are provided with valves. 
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Sere. 1, Mary Gexenat Facts or tim Crecu.ation, 
1, The Capillary Circulation, 


Tf the web of  frog’s foot be examined with a gies 
the blood, as judged of by the movements of the corpuscles, 
is seen to be ing ina continuous stream from the small 
arteries through the capillaries to the veins, (Fig. 47.) The 
velocity ix greater in the arteries than in the yeins, and greater 


‘Capillary Plewes in a portion of the Web of a Frog’s Foot, magnified 110 diameters. 
41, trunk ef vein; 2, 2,2, ite branches arising from the arterial capillaries; 3, 8, pisginent- 
alts) 


in both than in the capillaries, In the arteries faint 
tions, synchronous with the heart’s beat, are occasionally visi- 
and not unfrequently variations in velocity and in the 
distribution of the blood, due to causes which will be hereafter 
i jitnessed from time to time, 


The flow through the smaller capillaries is very variable, 
imes the are seen passing through the chan- 
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nel (which when collapeed may have a diameter smaller than 
the short axis of a red corpuscle) in single file with great reg- 
ularity at a velocity of about .57 mm. in a second. (In the 
human retina the velocity is .75 mm. per second according to 
Vierordt.) At other times, the corpuscles which along 
a given capillary may be few and far between. etimes 
the le may remain stationary at the entrance into a 
polarritte channel itself being for some little distance en- 
i from corpuscles. Any one of these conditions 
readily passes into another, and, eae oially with a somewhat 
feeble circulation, instances of all of them may be seen in the 
same field of the microscope. It is only in the case of a very 
full circulation that all the capillaries can be seen equally 

with corpuscles. The Jong oval red corpuscle moves 
with its long axis Hel to the stream, frequently rotatin, 
‘on its long axis and sometimes on its short axis, The flexi- 
bility and elasticity of a corpuscle are well seen when it is 
being driven into a capillary narrower than itself, or when it 
becomes temporarily Jodged at the angle between two dive 
ing channels, The smal! mammalian corpuscles rotate largely 
a are driven along. 

in 


and in general moving irregularly, and often 


vision into an inert layer and an axial stream 
is due to the fact that in any stream ing through a closed 
channel the friction is greatest at the immediate sides, and 
diminishes towards the axis. The corpuscles pass where the 
ction is least, in the axis. A quite similar axial core is 
any fine icles are driven in a stream of fluid 
narrow tul ‘The phenomena cease with the flow 
The presence of the white corpuscles in the inert 
to be due to their being specifically lighter than 
corpuscles, When fine particles of two kinds, one 
the other, are driven through a narrow tube, the 
i flow in the axis and the lighter in the more 
of the stream. The white corpuscles, how- 
it ey mee adhesive than the red, as is seen by 
they become fixed to the glass slide and 


i 
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Pra, 48 
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At the upper right-hand comer is seen, on an enlarged scale, the carotid artery, 
clamped by the forceps Ad, wiih the vagus nerve # lying by its side. ‘The artery has 
‘been ligatered at / and the glase canula has been introduced into the artery between 
the ligature f and the forceps A, and secured im position by the ligature, ‘The shrunken 
artery on the distAl slide of the canula is seen at ca". 

fb tna box containing « bottle holding a saturated sclution of sodium carbonate, and 
cxpatile of being raived or lowered at pleasure, The solution of rodiem carbonate flows 
by the tube #. ¢.regulased by the clamp ¢” into the tube ¢. ‘The tube ¢ ls connected with 
the leaden tube f, and the stopceck ¢ with the manometer, of which w is the descending 
and we! the atcending mb, and # the support. ‘The mercury in the ascending limb bexra 
(on its sarface the float #, a leng rod attached to which is fitted with the pen ¢ writing 
‘ao the recording surface r. The clamp cf. at the end of the tube ¢ has an arrangement 
shown on a larger scale At the right-hand upper corner. 

‘The desceading tube av of the manometer, and the tube 4 being completely filled along 
lis whole length with fluid to the exclusion of all air, the canula cis filled with Aud, 
slipped into the open ead of the thick» walled india-rubbeer tube f, until it meets the tube 
£ (whove position within the India-rubber tube Is shown by the dotted lines), and is then 
securely fixed in this position by the clamp cf, 

‘The stopcorks ¢ amd o” are now opened, and the pressure-bottie raised until the mer= 
cury in the manometer is raised (0 the required height. The clamp "is then closed, 
and the forceps Ad removed frem the artery. The pressure of the blood In the carotid 
€at is in ceewequence brought to bear through £ upon the mercury in the manometer, 


coverslip when a drop of blood is mounted for microscopical 
examination; and by reason of this adhesiveness they may 
beeome temporarily attached to the walls of the vessel, and 
come gard appear in the inert layer. The resistance to the 
flow of blood thus caused by the friction generated in so many 
minute passages, is one of the most important physical facts 
in the capillary circulation. In the large arterics the friction 
is small; it increases ax they divide, and receives a very great 
addition in the minute arterics and capillaries, Tt need per- 
hape hardly be said that thix peripheral friction not only op- 
poses the flow of blood through the capillaries themselves, but, 
working backwards along the whole arterial system, has to be 
met by the heart at cach systole of the ventricle. 


2 The Flow in the Arteries. 


‘When an artery is severed, the flow from the proximal vec- 
tion is not je, but comes in jets, which correspond to the 
th the flow does not cease between the jets. 

Blood ts ejected with considerable force; thus, in Dr. 
Stephen Hale's’ experiments, when the crural artery of a 
ure Wits the jet, even after much loss of blood, rose 





+ Statletionl Besays, vol. ti, p. 2 (1782). 
16 
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to the height of two feet. The larger the artery and the nearer 
to the heart, the greater the force with which the blood issues, 
and the more marked the intermittenee of the flow. The flow 
from the distal section may be very slight, or may take place 
with considerable force and marked intermittence, i 
to the amount of collateral communication. 


Arterial Pressure.—If, while the blood is flowing normall: 
along a artery, ¢. g., the carotid, a mercury (or other) 
. 45) be connected with a hole in the side of 


Immediately that communication is established between the 
interior of the artery and the manometer, blood rushes from 
the former into the latter, driving some of the mercury from 
the descending limb into the ascending limb, and thus causing 
the level of the mercury in the ascending limb to rise rapidly. 


(wr 


=—— 
‘Tracing of Arterial Pressure with « Mercury Mansimeter, 
The smaller curves p, p are the pube-cerves, The space fro ¢ tor embraces a reap 
rarcey wedulation. 


Fro. 2. 


This rise is marked by jerks, corresponding with the heart. 
beats, Having reached a certain level, the mercury ceases to 
rise any more. It does not, however, remain absolutely at rest, 
hut undergoes oscillations; it keeps zag and falling. 

rige, which is very slight compared with the total height to 
which the mercury has risen, has the same rhythm as the s 
tole of the ventricle. Similarly, each fall corresponds 

the diastole. 

If a float, swimming on the top of the mercury in the as- 
cending limb of the manometer, and bearing a brush or other 
marker, be brought to bear on 4 travelling surface, some 
tracing as that represented in Fig. 49 will be described. Each 
of the smaller curves (p, p) corresponds to a heart-beat, the 
rise corresponding to the systole and the fall to the diastole 





ARTERIAL PRESSURE, 175 


of the ventricle, The larger undulations (r, r) in the tracing, 
which are respiratory in origin, will be diseussed hereafter, 
This observation teaches us that the blood, as it is passing 
along the carotid artery, is capable of supporting a column 
of mereury of a certain height cralealad by the difference 
of level between the mercury in the deaeending.limb, and that 
in the ascending limb of the manometer), when the mercury 
is placed in direct communication with the side of the stream 
af blood. Tn other words, the blood, as it passes through the 
artery, exerts a lateral pressure on the sides of the artery 
cal is so many millimeters of mereury. In this lateral 
pressure we have further to distinguish between the slighter 
escillations corresponding with the heart-beats, and a mean 
pressure above and below which the oscillations range. A 
similar mean presaure with similar oscillations is found when 
any artery of the body is examined in the same way, In all 
arteries the blood exerts a certain pressure on the walls of the 
vewels which contain it. This ts genernlly spoken of as 
arterial pressure, and the pressure in the aorta of any animal 
is usually spoken of as its blood-pressure. 


Description of Experiment.—The carotid, or other vessel, is 
Jaid bare, clamped in two places and divided between the clamps. 
Into the cut ends is inserted a hollow T piece of the same bore as 
the artery, the cross portion forming the continuation of t 
The vertical portion is connected by means of a ni aust le 
tube with the descending limb of the manometer. In order to 
avoid loss of blood fluid i injected into the flexible tube until the 
merenry in the manometer stands a very little below what may be 

forehand guessed at as the probable mean pressure, The Quid 
chosen is a saturated solution of sodium carbonate, with a view to 
Hinder the coagulation of the blood in the tube. When the damps 
are removed from the artery the blood rushes through the cross of 
the F piece. Somo pees into the side limb of the & piges, and 
continues to do so until the mean pressure is quite reached. ‘Thenoo- 
there is po more escape; but the pressure continues in the 
interior of the eross of the F pioce, is transmitted along the von- 
necting tube to the manometer, and the mercury continues to stand 
ata 


mp. 
amn of blood an the artery 
he tracings taken illns- 
feral pressure, not of th but of the vessel (norte, 
ote, as the case may he), of which it is itself a branch. 
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Tracings of the movements of the colamn of in the ma- 
nometer may be taken either on a smoked surface of a revolving 


Fro, 2, 


Diagrams Ihustractng Fick's Spring Manometer. 


‘This comets essensialty of a hollow Martened German silver tube a, curved in the 
form of an tacomplere cleo. The lower epen end 4, firmly fastened to the stand ¢, be 
omnected with 2 tule ¢, bearing a seopeock. To the upper closed and ls attached « 
light wpright rod @ connected with the writing lever /. 

“Threagh the tube c the hollow curved spring ia filled with aleobel, and the stopcock 
hosed. The tubs © & chen copnected with the artery by meaza of a non-tlastic flexible 
leaden) tube filled with sodian carbonate sobition. On opening the stopeock the varia- 
tion of pressure of the blood in the artery are communicated to the fluid io the hollow 
curved epeing; at exch facreave of peeasure the spring expands, and the movements of 
the fret eng are transferred hy tothe writing lever/, ‘The inucriment as generally sent 
Out also bears an arrangement (sot shown im the diagram) by which the polntof the 
lever Sesoribes # straight iestead of a curved line. The spring mancecter in exceeds 
ingly tonetel where it is Gesirnhle bo investigate closely the variations i= the form of the 
Prmwere-curve, In onderto tecamde the amount of variation, the Imtrument must be 
‘experimentally graduated, 


if 
Sito paper asthe wore compe Symograh Ue 3) 
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In such @ mercury manometer, the inertia of the mereury ob- 
seures inany of the features of the minor curves caused by the heart- 
beats. When, therefore, these, rather than variations m the mean 
presture, are being studied, it is advisable to have recourse to the 
spring manometer a 50), introduced k. In using this in- 
strument, the tube ¢, Vig. 48, is connect: ith the tube e, Fig. 50, 


[A tracing obtained hy Fick's manometer ix shown in Fig, 51. 


The average pressure of the blood in the same body ix 
greatest in the largest arteries, and diminishes as the arteries 
get less; but the fall is a very gradual one until the smallest 
arteries are reached, in which it becomes very rapid. Tn the 
carotid of the horse the mean arterial re varies from 
150 to 200 mm, of mercury; of the dog om 100 to 175; of 
the rabbit from 50 to 90, In the carotid of man it probably 
amounts to 150 or 200, 

Since in all arteries the blood is Freese ‘on the arterial 
walls with some considerable force, all the arteries must be 
in a state of permanent. distension so long as blood is flowing 
through them from the heart. When the blood-current is cut 
off, as by a ligature, this expansion or distension disappears. 

Not only is there a permanent expansion corresponding to 
the mean pressure, Lisle as the mercury in the manometer 
rises above the level of mean pressure at ench systole of the 


(Fro. St. 


NANSNSNS 


‘Normal arterial trating obtained with the Spring Manometer ; dog wnder curari.] 


heart, and falls below it at each diastole, so at any spot in 
the artery there is for each heart-beat a temporary expansion, 
waponesied by a temporary contraction, the ter of the 
artery in its temporary expansions and contractions: oscillat- 
ing, in col once with the oscillations of the manometer, 
beyond and within the diameter of permanent expansion, 
These temporary expansions constitute what is called the 
pulse, and frill be discussed more fully hereafter, 


‘The Velocity of the Flow.—When even o small artery is 
severed a considerable quantity of blood escapes from the 
proximal eut end in a very short spuce of time, That is to 
say, the blond moves in the arteries from the heart to the 
capillaries with a very considerable velocity. By various 
methods, this velocity of the blood-current has been measured 
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mrteey trough wh the distal end. Attached to the tube isa ery 
soon pte of Hacoehy the velocity with which the blood flows 
ced tube wuy be read off. Even supposing the canule to be 
same bore as the artery, it is evident that the conditions of 
the flow through the tube aré such as will only admit of the result 
Serene bein; Cyr gic Sram gen elon che | 


Volkmann's Hamadremometer. 


The conical portions of tha instrument are inserted in the cot emis of a vein orartery. 
By # sienple errenge ment of « Sombie stopcock the bleod<current can be made to pass 
Immediately Herewgh the traiverse arm as In A, of to pas thromgh the gradeated U- 
shaped abe as tn J.) 


This consists of two 

ig. 4), communicating above with each 

at ‘ounce tabe © by which they can be filled. 
ere in the metal disk D, which can be ei 

n 
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similarly continuous with the tubes 7 and “teak Hence, in the posi- 
tion of the disks shown in the figure, the tube G is continoons 
uiroegs the two disks with the abt and. the tube H with the 
On taming the es D Phere cas two right angles the tube 


G becomes continuous with A, and the tube A with 


A instead of B. ite a oape ey omitted from the 
figure for the sake of simplicity, by which, when the disk D is 


through one instead of two night angles from either of the 


Diagrammatic Representation ef Ludwig's Stromubr, 


becomes directly continuous with JT, both being 
copie a ee oe from the bulbs, 
of the tubes #/ and G@ are made to fit exactly into two 
cannle inserted into the two cut ends of the artery about to be ex- 
perimented Shor and having a bore as nearly equal as possible to 
that of the art 
The method of “experi nting is as follows, The disk D, being 
placed in the intermediate position, o that a and b are both eat 
off from «’ und i7, the bulb A is filled with pure olive oil up tothe 
mark 2, and the bulb 8, the rest of A, and the junction ( wi 
defibrinated blood ; and ( is then. clamped, pone tubes IT and G 
are also filled with defibrinated blood, and G ix inserted into the 
— of the central, /7 into that ‘of the peripheral, end of the 
ry. On removing the clamps from the artery the blood flows 
thro ch G@ to H, and so back into the artery. “The observation 
now bewins ty turning the disk J into the poston shown in the 
figure; the blood then flows into A, driving the oil there contained 
out before it into the bulb J, in the direction of the arrow, the de- 
fibrinated viously erent in B passin, wont hat hed 7 into the ar- 
bhood is seen 
icp turned 
the teed sees 
nae new blood in A through A into 
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Ax soon as the oil has wholly returned to its original 

¢ disk is again turned round, ad A once more placed in 

os with G, and the oil once more driven from A to B. 

several times; indeed generally until the clot- 

or the admixture of the ot! with the blood pats 

to the experiment. Thus the flow of blood is used to fill 

with blood or oil the space of the balb A, whose cavity 

as the mark 2 has been exactly measured ; hence if the num~ 

of times in any given time the disk ) has to be turned round 
known, the sumber of times A has been filled is also known, and. 
thus the quantity of blood which has passed in that time through 
the cannla connected with the tnbe G is directly measured. Vor 
instance, supposing that the quantity held by the bulb when filled 
‘up to the mark x is 6 ce., and supposing that from the moment of 
wing the first 5 ¢c, of blood to begin to enter the tube to the 
moment when the escape of the last 5 ce. from the artery into the tube 
was complete, 100 seconds had elapsed, during which time 5 ce. had 
rocoived 10 times into the tube from the artery (all but the 


Tast 5 ce. being returned into the distal portion of the artery), ob- 
viously .5 co. of blood had fowed from the proximal section of the 


[Fia. 5. 


Hamarcchowmerte of Vierordt. and 8, meuthyiece.] 


in one second. Hence supposing that the diameter of the 
DE Uierariery, they being the same) were 2 mm.; with 
therefore, of 3.14 square mm., an outflow throagh 
ce, or 500 cmm. in a second would give (#92), 
i 159 mm. in a second. 
‘The Hematochometer of Vierordt (Fig. 55) is constructed on 
measuring the velocity of the current, by observing 
of deviation undergone by a pendulum, the free end of 
inthe stream. A square or rectangular eham- 


othe 


16 
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out by experimenti 
can at once be ted fe 

An instrument based on the sae principle has been invented by 
Chanyeau and improved by Lortet. In this the part which corre 
8] is to the pendulum in Vierordt’s instrument is prolonged out~ 
side the chamber, and thus the portion within the chamber is made 
to form the short arm of a lever, the fuleram of which is at the 
point where the wall of the chamber is traversed and the long arm 
of which jects outside. (Fig. 56.) A somewhat wide tube, the 
wall of, which is at one point composed of an india-rubber mem- 
brane, is introduced between the two cut endsof an artery, A lony 
ght lnrer ilexces the nds rabbes isteabrene.. ‘Theshort exparsied 


(fio. 


M. Lortet’s Imtrument, 


a, tube open at both ends: 4, equare opening closed by india-rubber membrane, which 
is pleeced by the lever, the thick end #f which projects into the vessel.} 


arm of this lever projecting within the tube is moved on ite falerum 
in the india-rubber ring by the current of blood passing through the 
tubo, the greater the velocity of the current the larger being the 
excursion of the fever,” The movenints of the short arm give, iss 
corresponding: morements in the opposate direction al 
arm ontside the tube, and these, by means of a marker steanlied 
to the end of the long ari, may be diroctly inscribed om a record= 
surfice, ‘This instrument ix very well adapted for observing 
samen the velocity of the flow. In determining actun\ xeoatie 
for purpose it has to be experimentally eraduatend, i 1 ROv 


horse, Volkmann found the veloc, of 
carotid " 


about 300 mm., 
ay ge 
i velocir =? 5 

from 520 to 150 sy 


tae 
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rabbit it may be said to vary from 100 to 200 mm, per 
the carotid of the dog from 200 to 500 mm. per 
these limita were frequently passed. 


8. The Flaw in the Veins, 


@ vein is severed the flow from the distal cut end 
¢., the end nearest the capillaries) is continuous, the blood 
ji with comparatively little force, and with slight 


When a vein is connected with a manometer, the lateral 
he ire is found to be very small; it is greater in the veins 


er from the heart than in those nearer the heart. In the 
immediate neighborhood of the heart the pressure may (during 
the inspiratory movement) become negative, i. ¢, when the 
manometer ix brought into connection with the interior of the 
vein, the mercury in the distal limb falls, instead of, as in the 
case of the artery, rising. 


Tn the brachial vein of the sheep Jacobson found the mean presi 
ure to be 4 mm. of mercury, in a branch of the s 

the crural it was 11.4 mm. In the subcl ean pressure 
was negative, viz.,—1 mm., becoming —I mm. during inspiration, 
—3 mm. or—5 mam. during a strong inspiration, and changing to 
positive daring expiration. 


The level of mercury in the manometer, except in the case 
of certain veins, subject to influences which will be discussed 
remains constant, The pulse-cscillations, 0 strik- 
ing in the arteries, are absent in the veins In the small 
ade velocity of the current, measured in the same way 
as the arteries, is very slight. It increases in the larger : 
corresponding to the diminution of the area of “ the bed; 
is about 200 mm. per sec. in the jugular vein of the dog. 
‘Thue the flow in the veins presents strong contrasts with that 
in the arteries. In the arteries, even in the smallest branches, 
there is a considerable mean pressure. In the veins, even in 
the small yeins where it is largest, the mean pressure is very 
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almost the same time. And what is true of the two ends is 
also true of any part of the course of the system, so far, at all 
events, as the following proposition is concerned, that in a 
system of ch tubes, either with or without an intercalated 
resistance, the flow caused by an intermittent force is, in every 
part of the tubes, intermittent synchronously with that force. 
In a system of elastic tubes in which there is little resist- 
ance to the progress of the fluid, the flow-caused by an inter- 
mittent force is also intermittent. The outgo being nearly as 

the income, the elasticity of the walls of the tubes is scarcel 
at all called into play. These behave practically like reid 
tubes. When, however, sufficient resistance is introduced into 
any part of the course, the fluid, being unable to pass by the 
resistance as rapidly as it enters the system from the pump, 
tends to’ accumulate on the proximal side of the resistance. 
‘This it is able to do by expanding the elastic walls of the 
tubes. At each stroke of the pump a certain quantity of fluid 
enters the system at the proximal end. Of this only a frac- 
tion can pass through the resistance during the stroke. At 
the moment when the stroke ceases the rest still remains on 

proximal side of the resistance, the elastic tubes havin, 

to receive it. During the interval between this an; 
next stroke, the distended elastic tubes, striving to return 


‘Thus in the rigid system (and in the elastic 

without resistance) there issues, from the distal end of 
at each stroke just as much fluid as enters it at 

iL end, while between the strokes there is perfect 
elastic system with resistance, on the contrary, 
which passes the resistance is only a fraction of 
enters the system from the pump, the remainder or 
remainder continuing to pass during the in- 
the strokes. In the former ease the system is 
end of the stroke than at the beginning. In 
there ig an accumulation of fluid between the 
resistance, and a corresponding distension of 
of the system, at the close of each stroke—an accu- 
im and distension, however, which go on diminishing 
until the next stroke comes. ‘The amount of fluid thus re- 
i the stroke will depend on the amount of resist- 


e85cF 
Fa 
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resistance be very: considerable in relation to the force of the 
stroke, and the tubes very distensible, only a small portion of 
the fluid will pass the resistance, the greater part remaining 
lodged between the pump and the resistance. If the elastic 
reactions be great, the large portion of this will be passed on 
through the resistance before the next stroke comes. In other 
words, the greater the resistance (in relation to the force of 
the stroke), and the greater the elastic force brought into play, 
the less intermittent, the more nearly continuous, will be the 
flow on the far side of the resistance. 

If the first stroke be succeeded by a second stroke before its 
errs of flaid has all passed he © resistance, there will be 
an additional accumulation of fluid on the near side of the 
resistance, an additional distension of the tubes, an additional 
strain on their elastic powers, and, in consequence, the flow 
between this second stroke and the third will be even more 
marked than that between the first and 
three strokes were of the same force, the 


ti 
arrived at, Ew 
4 
si ill be sufficient to 
drive through the resistance, in the interval between each two 
strokes, just as much fluid as enters the near end of the s 
tem at each stroke, In other words, the elastic reaction of # 
walls of the tubes have converted the intermittent into a 
continuous flow, The flow on the far side of the resistance is 
in this case not the direct result of the strokes of the pump, 
All the force of the pump is spent, first in getting up, and 
afterwards in keeping up, the overdistension of the tubes on 
the near side of the resista it is the overdistended tubes 
which are the cause of the continuous flow, by emptying them- 
selves into the far side of the resistance, at such a rate that 
they discharge through the resistance during a stroke and in 
the succeeding interval just as much as they receive from the 
id the stroke itself. 
jis is exnotly what takes place in the vascular system. 


The friction in the minute arteries and be presents a 


considerable resistance to the flow of blood through them into 
the small veins. In consequence of this resistance, the force 
“of the heart's beat ix spent in maintaining the whole of the 
rterial system in a state of overdistension, as indicated by the 
Presure. The overdistended arterial system is, by the 
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agency of its elastic walls, continually emptying itself by over- 
flowing through the capillaries into the venous system, over+ 
flowing at such a rate, that just as mach blood passes from 
arteries to the veins during each systole and its sueceed~ 

ing diastole as enters the aorta at each systole. 
cannot be too much insisted upon that the whole arterial 
system is overfwl This is what is meant by the high arterial 
moe On the other hand, the veins are much leas full. 
is is shown by the low venous pressure. The overflow arte- 
ries are continually atriving to pass their surplus in a continu- 
ous stream through the capillaries into the veins, 90 as to 
bring both venous and ‘arterial pressure to the same level. As 
continually the heart by its beat is keeping the arteries over- 
full, and thus maintaining the difference between the arterial 
and venous jure, and thus preserving the steady eapillary 
stream. When the heart ceases to beat, the arteries do suc- 
ceed in emptying their surplus into the veins, and when the 
on both sides of the capillaries is thus equalized, the 

h the capillaries ceases. 

Tn the faets just discussed, it makes no essential difference 
whether the outflow on the far side of the resistance be an 
open one, or whether, as is the case in the vascular system, the 
fluid be returned to the pump, provided only that the resist- 
ance offered to that return be sufficiently small, We shall 
see, in speaking of the heart, that, so far from there being 
any resistance to the flow of blood from the great veins into 
the auriole, the flow is frvored by a variety of circumstances. 
We have seen moreover that, besides the very sudden de- 
crease in the immediate neighborhood of the capillaries, 
there is in passing along the whole vascular system from the 
‘aorta to the vene cave a gradual fall of pressure. A little 
consideration shows that this must be the ease. After what 
has been said it is obvious that the movement of the blood 

be compared to that of a body of fluid, driven by pressure 
Fa, the ventricle through the vessels to its outtlow in the 
auricle. Were the pressure a continuous one, and were there 
no resistance, there would be a gradual fall of preas- 
ure, part furthest from the outfall, viz, the sorta, to 
the nearest the outfall, viz., the vene cave. The intro- 
duction of the capillary resistance and its attendant phenomena 
rise to the feature of a very sudden and marked fall in 
capillary pice, but leaves untouched the gradual char- 
eter of the fall in the rest of the course, from the aorta to 
the minute arteries, and from the minute veins to the vena” 
cave, 


—— 
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To recapitulate: There are three chief fhetors in the me- 
chanics of the circulation, (1) the force and frequency of the 
heart-beat, (2) the peripheral resistance, (3) the elasticity of 
the arterial walls, These three factors, in order to produce « 
normal circulation, must be ina certain relation to each other, 
A disturbance of these relations brings about abnormal con- 
ditions, Thus, if the capillary resistance be reduced beyond 
certain limits, while the force and frequency of the heart re= 
main the same, so much blood passes through the capillaries 
at each stroke of the heart that there is not sufficient left be 
hind to distend the arteries, and bring their elasti into play. 
In this case the intermittence of the arterial flow ix continued 
on into the veins, An instance of this is seen in the exper 
ments on the submaxillary gland, where sometimes the eapil- 
lary resistance in the gland ix so much lowered that the blood 
in the veins of the gland pulsates? A like result occurs when, 
the capillary resistance rem ny the xame, the force or fre- 
quency of the heart's beat is lowered. Thus the beats may be 
#0 feeble that at each stroke no more blood, or but little more, 
enters the arterial system than can pass through the ca ‘Maries 
before the next stroke ; or so infrequent that the whole quan- 
tity sent on by a stroke has time to escape before the next 
stroke comes. If, while the heart's beat and the resistance re 
main the same, the elasticity of the arterial walls be reduced, 
the arteries will be unable to expand sufficiently to retain the 
surplus of each stroke or to exert sufficient elastic reaction to 
carry forward the stream between the strokes; and in conse- 
‘quence more or less intermittence will become manifest. 


Mares* states that when fluid is driven through two tubes of 
equal calibre, one elastic and the other rigid, with equal force and 
Tike i intermittence, the outflow through the clastic tube is greater 
than through the rigid tube. This he attributes to the fict that in 
the rigid tube all the frietion falls in the pou of the stroke, when 
the velocity of the stream is greatest, and is therefore greater than 
in the elastic tole: where it § distributed as well over the interval 
between the strokes. Under this view, the arrangements of the 
vascular system are useful, not only in causing the flow through the 
capillaries to be continuous, and therefore best adapted for carrying 
on the interchange between the tissues and the blood, but also in 
providing that the flow should be as large a possible, 


Circumstances determining the Velocity of the Flow.—We 
have seen that the velocity of the blood-stream diminishes 


~ * See Book 1, eap. ‘, see. 2 the Secretion of the Digestive Juices. 
* Ann. d. Sel. Nat. (it), viii, p. 329, 
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from the aorta to the capillaries, and inerenses from the 
capillaries to the great veins, Thus in the dog the velocity 
in the great arteries may be stated at from 300 to 500 mm., 
in the capillaries at less than 1 mm, (.5 to .75 mm.), and in 
the large veing at about 200 mm. in a second. In faet, the 
greater part of the time of the cireuit is taken up in the 
capillary region. An iron salt, injected into the jugular vein 
of one side of the neck of a horse, makes its appearance in 
the pom of the jugular vein of the other side in about thirty 
secon 


Hering’s moan result in the horse was 27.6 seconds, In the dog 
Vierordt found it to be 15.2 eeconds; in the rabbit, 7 seconds, 


Without laying too much strees on this experiment, it may 
be taken as a fair indication of the time in which the whole 
circuit may be completed. It takes about the same time (see 

171) to pass through about 20 mm. of capillaries. Hence, 
if any corpusele had in its circuit to pass iccagt 10 mm. of 
expillaries, half the whole time of its journey would be spent 
in the narrow channels of the capillaries. Since, however, 
the average length of a capillary is about .5 mm., about one 
second is spent in the capillaries. Inasmuch as the purposes 
served by the blood are chiefly carried out in the capillaries, 
it is obviously of advantage that its stay in them ehould be 


prolonged. 

The it variations in the velocity of the stream are 
direetly dependent on the area of “the bed.” When a fluid 
is driven by a uniform pressure through a narrow tube with 
an enlargement in the middle, the velocity of the stream 
diminishes in the enlargement, but increases again when the 
tube once more narrows. So a river slackens speed in a 
broad, but rashes on rapidly again when the banks close in. 
Exactly in the same way the velocity of the blood-stream 
slackens from the aorta to the capillaries corresponding with 
the increased total bed, but hurries on again as the numerous 
veins are gathered into the smaller of the venw cave. 
‘The loss of velocity in the capillaries, as compared with the 
arteries, is not due to there eine so much more friction in 
the narrow channels of the former than in the wide canals of 
the latter. For the peripheral resistance caused by the fric- 
tion in the capillaries and «mall arteries is an obstacle not 
only to the flow of blood through these small vessels where 
the resistance is actually generated, but also to the eseape of 
the blood from the large into the small arteries, and indeed 
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yaseular machinery such problems as these become very 
intricate; and the results of observations on variations in 
arterial velocity are not altogether intelligible. It has been 

that varying conditions of the blood, by aifecting 
the amount of adhesion between the blood and the walls of 
the vessels, may be an im) nt factor in determining the 
‘variations in the velocity of the stream.’ 


See. 2—Tar Hearn. 


[The Phyviologioal Anatomy of the Heart. 


The heart is a hollow, muscular organ, having a shay 
similar to that of a flattened cone. It is situated peter 
within efor phoreeyad stains to the ere) i a 
ing upon in 3, Suppor in position by the - 


and coy ¢ pericardium, Roughly sketched, 
the position of the base of the cone corresponds to a line 
drawn @ little to the right of the sternum, from the second 
intercostal space to the sternal articulation of the sixth and 
seventh cartilages of the right side. The apex corresponds 
to a point in the left fifth intercostal space, a little interior to 
a vertical line drawn across the nipple. 

The muscular fibres composing the heart are peculiar in 
charucter to the in itself. “hey are striated, but differ 
from the ordinary 4) 1 museles. In ‘the skeletal muscles 
the fibres are entirely distinct and separable, possessing dis 
tinct longitudinal and transverse lines of cleavage. But in 
the fibres of the heart, as seen in Pig, 57, the lines of cleav- 

are partially lost and apparent anastomoses formed. 
The fibres of the heart rarely have a sarcolemmatous cover- 
ing. on fibres et ery oh ¢ aoe oe Be 
i ¢ superficial and deep. ¢ superficial layer of the 
fata ee WA yenrrislesdoiiats OF eivoral rnin, whlch have 
& peculiar spiral arrangement running from right to left, 
simulating a figure 8. This peculiar arrangement is of physi- 

ical importance in explaining several of the phenomena 
observed in the cardiac beat, as will be pointed out hereafter, 
‘The deep layer is circular, 


* Lodwig and Dogiel, Ludwig's Arbeiten, 1867. Cf. also Ewald, 
Archiv f. Anat. u. Phys., 1877, p. 208. . 
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The heart can with great poe be considered as a. 
double organ—a right, or pulmonary; a left, or systemic 
heart; each containing two cavities, called respectively an 
auricle and ventricle. The right and left cavities of the 
heart are separated by a muscular partition called the inter- 
auriculo-ventricular septum. The position of this septum is 
marked on the external surface of the heart by two grooves. 
‘The walls of the left heart are much thicker than those of 
the right. This is due to the fact of the greater propulsive 
force necessary to overcome the resistance of the systemic, 
than is necessary to overcome that of the pulmonic vessels. 
‘The auricles are separated from the ventricles by peculiar 


Fic. 77. 


“Anastomoning suscabar fibres of the heart seen tn tongizudiaal sectice. On the right 


the Timixs of the separate cells with their uuclel wre exbitited somewhat diagrast- 
tmatically. 


valvelike pendulous curtains, so arranged as to freely allow 
of the passage of blood from the auricles into the ventricles, 
and, by « peculiar valvelike mechanism, as is commonly sup- 
lot erent a reflux current by becoming closed. (Seé note, 
0, 
P There are two distinct sets of valves in the heart, the 
suriculo-ventricular and the semilunar. The auriculo-ven- 
tricular valves are two in number, the right and left (Pigs, 
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a8, sla 60). The right is called the tricuspid, and con sista of 
three cusps or leaflets (Figs. 58, 60). é left or mitral 


Fic. 6. 


‘The right auricle and vestricle opened, and s part of thelr right and anterior walls 
removed, 46 as to show their imerior—14 1, euperior wena cava; 2, inferior vera cava ; 
2, hepatic welee cut sheet ; &, right auricle; , placed in the fossa ovalis, below which 
ie the Eustachian valve; 9%, is placed clove to the aperture ef the coronary vein; ++, 
placed in the autieulo-venaricular groove, where a narrow portion of the aijacent walle 
Of the amricle aed ventricle has been preserved ; 4, 4, cavity of the right vestriche, also 
showing interventricular xepeem: the epper figure ia immediately below the sernilunar 
‘valves ; 4 lange coltimea cornea or musculus papillanis  5,5°,9%, tricuspid valve ; 6, placed 
tn the interior of the polinomary artery, a part of the anterioe Wall of that veuscl having 
‘been raneved, and a sarrow portios of it preserved at lex commencement where the 
seinillunar valves are attacked : 7, coacavity of the meric arch chose to the cord of the 
ductus areerios; 8, ascemling part or sinus of the arch covered at its commencement 
‘by the wericular appendix and pulsiocary artery; 9, placed between the innorninate 
‘andileft earoci arteries: 10, appendix of the left aericle 11, 11, tho outside of the Yeft 
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valve, consists of two leaflets only (Figs: 59, 60), and is 
physiologically the stronger of the two, The auriculo-ven- 


Frc, 5, 


‘The left auricle #00 vestsicle opened, and = past of thelr anterior and left walls ros 
moved, 10 a8t0 show their interlor—¥%, ‘The pulmonary artery has been divided a ite 
comurencerant so ax to show the morta: the opening into che left ventricle has been 
catried a sheet distance lino the norte, between two of the segments of the senilunar 
walves; the left parto€ dhe auricle with Ita appendix bas been removed. The right 
auricle hiss been throws ost of view. 1, the two right pulmonary veins eut short: 
their openings are seem within the wericie: 1, placed within the cavity of the auride 
4 he Meftsitn of the sepoum and ce the part which forms sbe remairs of the valve of 
‘the foramen ovase. of which the crescemic Gd is seem towards the left hand of V3 2, 
‘marrow portio® of the wall of the auricke and ventricle preserved round the auricular * 
‘wenrricular deifice  $, $,the car aurface of the walls of the venieicle ween to become very 
thimeer towaeds "a4 the apex ; 4, # all part of the anterior wall of the Weft ven: 
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tricte, mbich has been preserved with the principal anterjor onlamna carmea of muscutus 
papillaris amached co i; 6, 6, miusevli papillares ; ©, the lef side of the septum, between 
the two ventricles, within the cavity of the left ventricle; 6, 6', the mitral valves 7, 
placed In the Interior of the aorta, axar les commencement ‘bowe the three segments 
‘of Ite semanas valve, which are hanging loosely together ; 7’, the exterior of the great 
sortie sins; K the reot of the pulmonary artery and ite semilunar valves; #, the 
separated portion of the pulmonary arvery remaining attached to the aorta by 9, che 
cond of the ductus arveriowys ; 10, the arteries rising from che summit of the moetic arch— 
From Quatn's Anatrmy. 


tricular valves are formed Bu reduplications of the endocar- 
dium, and strengthened by fibrous tissue. ‘They are attached 
their buses to the auriculo-ventrieular orifices; the por- 
tions of their sides nearest the bases are attached to each 
other, thus forming a continuous circular membrane. To the 
free margin and ventricular surfaces of these valves are at- 
tached numerous tendinous cords, which connect the valves 
with the museuli papillares. They are called the chorde tendi- 
nee, On the intra-ventricular surfxee of the heart numerous 
muscular bands are seen, which are called the column cornea. 
‘These bands are of three kinds: those attached by one of 
their sides and by both extremities to the ventricles; those 
attached by both extremities; and those attached by one 
extremity alone, the other extremity connecting with the 
auriculo-ventricular valves by means of the intervening 
tendinew. These latter cofwmna carnee: are distin- 
guished by the name of museuli papillares (Figs. 58, 59). 
‘There are also two sets of semilunar valves, the aortic and 
pulmonary (Figs 58, 59, 60). Each of these sets of valves 
consists ree semilunar segments. ‘The pulmonary is situ- 
ated at the junction of the pulmonary artery with the right 
ventricle, The aortic is situated at the junction of the aorta 
with the left ventricle. On the middle of each of the freo 
edges of these valves is a small nodule, called the corpus Arvn- 
tii, i hg the Ses a ee Mise together and 
are, in a spiral form. ey thus close up an opening 
which would pareaaly be present were they nial ss 
ind each of the semilunar valves is 1 pouch-like expan- 
sion; these are termed the sinwses of Valsalva. In the aortic 
walls, at about the free margin of the right and left semilunar 
valves, the orifices of the coronary arteries which supply the 
heart with blood are seen. 
The semilunar valves are formed by reduplications of the 
lining membrane, and strengthened by fibrous tissue. 
The paxsage of blood through the heart can thus be briefly 
stated: coming from the system through the yenw cave it 
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ejected at each beat. Henee, with a given juency, force, 
and character of beat, and a given pith ecs Ae each 
beat, the problems which have to be dealt with are for the 


most mechanical. The yital problems are chiefly con- 
nected with the causes which talons the eopemiry/ hace! 


[rc, 61 


=A ee 
} f 


Diagrem of the Ciroulation through the Heart. 4, #, Vena cava, superior and infe= 
tor. 6, Right ventricle. ¢, Pulmonary artery. d, Pulmonary vein. ¢, Left ventricle. 
S, herta.—Alter Darrow.) 
pgs character of the beat, juantity ejected at each beat 
more by the state oe é rest of the body than by 
thet of the heart itself. 


The Phenomena of the Normal Beat, 


The Visible Movements.—When the chest of a mammal is 
as and artificial respiration kept up, a complete beat of 
hole aed or cardiac cycle, may be observed to take 
follows: 
Pie great yeins, inferior and superior venw cave and pul- 
monary veins are seen, while full of blood, to contract in the 
Metieabond of the heart; the contraction runs in a peristal- 
tie wave towards the auricles, i increasing in intensity as it goes. 
Arrived ut the auricles, which are then full of blood, the wave 
suddenly spreads, at a rate too rapid to be fairly judged hy 
the eye, over the whole of those organs, which according! 
vontract with a sudden eharp systole. In the systole the walle 
7 
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‘observed to move at each beat of the heart, The head of B 
will move suddenly upwards, showing that the point of the 
needle plunged in the ventricle moves downwards, whereas A 
will only quiver, and move neither distinctly upwards nor 
downwards, M will move upwands (and therefore its point 
downwards), but not to the same extent as B. The nearer to 
B M is, the more it moves; the nearer to A, the lew. . Thus, 
while during the beat, the base (B) moves downwards as the 
result of the contraction (and longitudinal shortening) of the 
ventricle, the apex (A) doea not change its place, the shorten- 
ing of the ventricle itself being compensated by the lengthen- 
ing of the great arteries. The middle of the ventricle moves 
downwards more than the apex, but less than the extreme 
base. After the death of the animal the needles, if properly 
inserted at first, perpendicularly to the chest, will be found 
with all their heads directed downwards, indicating that the 
whole ventricle has been drawn up by the contraction of the 
empty aorta and pulmonary artery. 


Impulse.—If the hand be placed on the chest, a 
shock or impulse will be felt at each beat, and on examination 
this impulse, “cardiac impulse,” will be found to be synchro- 
nous with the systole of ventric’ In man, the cardiac 
impulse may be most distinctly felt in the fifth costal inter- 

about an inch below and a little to the median side of 

the left nipple. The same impulse may be felt in an animal 
by making an incision through the diaphragm from the abdo- 
men, and placing the finger between the chest-wall and the 
legs Tt then can be distinctly recognized as the result of 
hardening of the yentricle during the systole. And the 
impulse which is felt on the outside of the Chest is the came 
hardening of the stationary portion of the ventricle in contact 
with the chest-wall, transmitted through the chest-wall to the 
finger. In its flaccid state, during diastole, the apex is (in a 
standing position at least) here in contact with the chest-wall, 
lying between it and the tolerably resistant diaphragm. During 
the syetole, while occupying, us we have seen, the same posi- 


tion, it suddenly grows tense and hard. The ventricles, in 

executing their systole, have to contract against resistance. 

They have to dus in their cavities, tensions greater 
the ' aorta and 


than those in pulmonary arteries, respectively. 
This is, in fact, the object of the systole. Hence, during the 
awift systole, the yentricular portion of the heart becomes sud- 


denly tense, juist-a8 a bladder full of fluid would become tense 
edi hard ited @reibly squecred.--'The eudden. ensct of this 
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hardness gives an impulse or shock both to the chest-wall and 
to the diaphragm, which may be felt readily both on the chest- 
wall, and also through the diaphragm when the abdomen is 
opened, and the finger inserted, {ihe twisting of the apex 


| 


Bre. 2, 


1 
H 
Ml 


‘Tracing of the Variations of Pressure in the Right Auricke and Ventricle, and of the 
Cardiae Impulse, in the Heese.—After Maxey. ‘To be read from left to right. 


‘The upper carve represents the varlation of pressure within the auricle, the middle 
curve the variations of pressure within the ventricle: theus two therefore Ieatrate 
changes taking place in the interior of the heart. “The lower curve represents the varia- 
tions f pressure ited toa lever outalde the chest and constituting the cardiac im- 
pus. A complete cycle, begianing at the close of the ventricular ayatole, is 

between thy thick vercical lines Tand I, The thin vertical lines represent 
tenths of anccend, 4, The gradual filling of the guricle and ventricle; &, the auricular 
aystule : €, tve wentticalar aystete; d, cacillations of pressure, interpreted by Marey a3 
Caused by vibrations off the aurictlo-verericular valves; ¢ probably marks the closing of 
the somilunar vatves. 


throws it against the chest-wall, and is therefore another factor 
in the formation of the cardiac ais ‘The recoil of the 
heart (which may be compared to “the kicking of a gun when 














a 





met d that the curves In the diagram are intended 

to tho variations of pressure ocourring at different 

ber, ar to show what chunges in the one 

‘en! tof time with changes in the other, 
amount of pressure in the 
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it is fired off”) is also a factor in causing the impulse.) If the 
modification of the sphygmograph (see zection on Pulse), called 
the cardiograph, be pi on the spot where the im ii 
felt most strongly, the lever is seen to be raised during the 
systole of the ventrjcles, and to fall again as the systole passes 
away, very much as if it jerSal yeoes on the heart directly, 
A tracing may thus be obtained (Fig. 8) of which we shal 
have to speak more fully itonedlatels: f the button of the 
lever be placed, not on the exact spot of the impulse, but at 
a little distance from it, the lever will be depron during the 
systole. While at the spot of impulse itself the contact of the 
ventricle is increased during systole, away from the spot the 
ventricle retires from the chest-wall ul ae diminution of its 
right-to-left diameter), and hence, by mediastinal attach- 
ments of the peri ium, draws the chest-wall after it. 


Endocardiac Pressure—In order to study more fully the 
changes going on in the heart during the cardiac cycle, it be 
comes necessary to know something of what is taking place 
in the interior of the cavities of the heart. Chauveau and 
Marey,' by introducing into the right auricle and yentricle 

tively of the horse, through the jugular vein, small clas- 

tie , cach communicating with a recording tambour, were 
enabled to take simultaneous tracings of all the changes of 
Moen occurring in the two eavities. These results are em- 
ied in Fig. 68 of which the upper curve represents the 


changes of pressure in the auricle, the middle curve the shan 
of pressure in the ventricle, and the lower curve the eardi 
graphic tracing of the cardiac impulse. All these curves were 
taken simultaneously on the same recording surface. 


Method. —A tube of appropriate curvature is furnished with two 
stuall elastic one at the extreme end and the other at such « 
distance that when the former is within the cavity of the ventricle 
the latter is in the cavity of the auricle. Ench bag (Fig. 63, A) 
communicates by a separate air-tight tube with an air-tight tam- 
bour (Fig. 63, 8), on which a lever rests so that any pressure on 
either bag is communicated to the cavity of ita respective tambour, 
the lover of which is raised in proportion. The writing-points of 
all levers are brought to bear on the same recording surface 
exuctly underneath each other. The tube is carefully introduced 
through the right jugular vein into the right side of the heart until 
the lower (ventricular| is fairly in the cavity of the right ven- 


tricle, and consequent! upper (auricular) bag in the cavity of 





* Marey, Circulation du Sang. 
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the right auricle. Changes of pressure in either cavity then cause 
movements of the corres spending lever, When the pressure is in- 


for instance in the auricle, the auricular lever is raised and 


A 


Marey's Tatnbour, with Cantisc Sound. 


A, Animple cardine sound such as may be used for the exploration of the left rentrl= 
cle. ‘The portion « of the ampulla at the end is of thin india-rubber, siretched over an 
‘open framework, with metallic supports abowe and below. ‘The long tube 6 serves te 
introduce it into the cavity which it is desired to explore. 

B, ‘The Tambour, The metal chamber m is covered in as sirtight manoer with the 
india-rubber ¢, bearing a thin mesal plate ae’ co which is attached the lever / moving on 
the hinge A. ‘The whole tambour can be placed by mecans of the clamp ef at any beight 
ou the mpeight «/. ‘The indiarubber tube £ serves to connect the imerior of the tambour 
either with the eavity of the ampulla of A or with aay other cavity. Supposing that 
the tube ¢ were counected with 4, auy prevsure exzeted on 2 wuld cause the roof of the 
tambeur to rive and the paint of the lever woatd be proportionately raised. 


deseribes on the recording surface an ascending curve; when the 
pressure is taken off the curve descends; and so also with the 
ventricle, 


A complete cardiae cycle is comprixed between the vertical 
eo oh a The recording surtace was travelling: 
hat i between any two of the thir, 
y fa second. Henew 
i out } jth 
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asecond. Any point in the cycle might, of course, be taken 
as ite commencement. In the figure the eyele is supposed to 
begin shortly after the end of the ventricular systole, and the 
beginning of the diastole. 

On examining the three curves we see, at a, a steady rise 
of the auricular, accompanied by similar gradual ascents of 
the ventricular, and also of the cardiograph lever. These 
may be interpreted ns indicating that the blood is pouring 
from the great veins into the auricle, increasing the pressure 
there, and at the sme time passing on into the ventricle, 
increasing also the internal pressure there, a’, and also by 
distending the ventricle, cnusing it to press somewhat on the 
chest-wall and thus to raise the cardiograph lever, a”. This 
continues for about yyths of a second, and is then followed 
by the sudden rise of auricular pressure 6 due to the au- 
ricular systole, followed by a sudden fall as the blood es- 
capes into the ventricle. The sudden entrance of blood into 
the ventricle causes a sudden increase of the pressure in the 
ventricle as indicated by the ventricular lever. #’, and a sud- 
den increase in the pressure on the chest-wall 6”. The au- 

ular systole is followed immediately by the sudden strong 
ventricular systole ¢, the pressure rising very abruptly. Ow 
ing to the presence of the tricuspid valves, this increase of 
pressure is kept off the auricle altogether; but the chest-wall, 
as shown by the tracing ¢”, feels the sudden increase of the 
a of the ventricle against it. The ventricular pressure 
jasts for some time, gradually declining, and then suddenly 
falls. This may be interpreted as indicating that the systole 
rapidly reaches a maximum, maintains that maximum with 
a slight decline only for some little time, and then pee 
ceases, The oscillations during the - 
and also manifest in the auricular cury 
curve at @”, are interpreted by Marcy us due to the vibrations 
of the tricuspid valves, but their causation is at present by 
no means clear. At the end of the ventricular systole, the 
deseent of the lever is broken by a slight rise at ¢, vis 
also in the auricle at ¢, and even in the impulse curv 
‘This is interpreted by Marey as indicating the closure of the 
semilunar valves. After this slight rise, the ventricular curve 
and the impulse curve fall to their lowest pointa, while the 
auricle is ly beginning to fill; and the cardiac cycle 

ins anew, 
hus of the whole period of n beat, the largest fraction is 
#80 of the diastole, or “ passive interval,” i. ¢., of the interval 
een the end of the ventricular and the commencement 
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of the auricular systole. The next largest is that of the ven- 
tricular systole, and the smallest that of the auricular systole. 
The duration of the diastole is usually given as $ of the 
whole period, that of the whole systole being $, of which far 
the greatest part is taken up by the ventricle; but in these 
Measurements the systole is supposed to end with the cessation 
of the ventricle’s contraction, and not to include its relaxation. 
Donders found the ventricular systole, as determined by the 
time elapsing between the commencement of the first and of 
the second sounds, and, therefore, including the relaxation, as 
well as the contraction of the ventricular fibres, to occupy on 
the average .801 to .327 sec., or 40 to 46 per cent. of the whole 

ndois' gives the following measurements, the whole 
cycle lasting 1,130 sec. 


Mean duration of auricular syxtole 
‘be beginning of ventricular eys- 


AB see, — systole of the heart ss 
saually understood, 


MG = systole of ventricle as 
measured by Donders, 


ae O02 
Mean duration of closure of valves 
ot 
‘Mean duration of remainder of cy 679 ™ = diastole of the heart ax 
ce ° ” uaually understood, 
1.490 


The portions, however, are not fixed, but vary some~ 
what. Practically speaking, there is no interval between the 
auricular and ventricular systole, the latter being separated 
from the former by a fraction of time which is almost inap- 
preciable. 

Although the instrument of Chanveau and Marey may be 
experimentally uated and thus used to measure the amount 
of pressure in the several cavities of the heart, more exact 
results may be gained by passing through the jugular vein 
into the right auricle and thence into the right ventricle, or 
through the carotid artery into the left ventricle, a tube open 
at the end introduced into the heart and connected at the 
other end with a manometer, Variations of pressure in the 
cardiac eavities are thus transmitted directly to the mercury 
column of the manometer in the same way as those of an 

when arterial preesure is measured. Further, by usin; 
maximum and minimum manometers, the maximum an 





*Obt. med. Wies,, 1866, p. 179. 
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minimum pressures of the several cavities may be determined, 
In this way in the dog a maximum pressure has been 
observed in the left ventricle of about 140 mm. (mercury), 
in the right ventricle of about 60 mm., and in the right 
auricle of about 20 mm. During the diastole, or rather im- 
mediately after the systole, the pressure in the two ventricles 
and even in the i may become negative, ¢, ¢., sink below 
the pressure of the atmosphere. In the left ventricle (of the 
dog) a minimum pressure varying from —52 to —20 mm, 
may be reached, the minimum of the right ventricle being 
from —17 to —16 mm., and of the right auricle from —12 to 
—i mm.' Part of this diminution of re in the eardinc 
cavities may be due, as will be explained in a later part of 
this work, to the aspiration of the thorax in the respiratory 
movements, But even when the thorax is opened and artificial 
respiration kept up, under which circumstances no such aspira- 
tion takes place, the re in the left ventricle may sink as 
low as —24 mm. The occurrence of 9o marked a negative 

rein the ventricular cavities shows that these cavities, but 


especially the left, exert # considerable suction power during 
diastole, The heart, in fact, appears to act not only as a foree- 
pump, but also as a suction-pump, thereby aiding to refill itself’ 
with blood at each stroke; the suction of the left ventricle 
besides greatly assisting the circulation through the lungs. 


‘The results given above are those of Goltz and Gaule." The 
‘inciple of their maximum manometer, Fig. 64, consists in the 


aorta left. icle, and the manometer at the 
same time converted from a maximum into an ordinary manometer, 





1 These numbers are to be considered merely as instances which 
4 been observed, and not as averages drawn from a large number 
uses. 
3 PAlager’s Archiv, xvii (1878), p. 100. 
® Arbelten a. d. tol. Rebar d: Wurzburger Hochschule, 
Lief. if (1878), p. 188. 
ity 
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the curve of the ventricular pressure falls below that of the aorta. 
As soon, however, as the manometer is converted, as at ¢, into a 
maximum manometer, it hecomes evident that the maximum 
prsseate in the left ventricle fs as Bia (in the figure slightly 
igher) as that in the aorta. Goltz and Gaule rey the negative 
ure of dinstole as due to the elasticity of the ventricolar walls, 

I virtue of which these structures, pressed closely in contact durin 

part of the systole, spring asunder with consideral 


Fi0, 1. 


‘The Maximan Manometer ef Geltr and Gaule. 


At c.4 conseetion ia made with the tube leading to the heart, When the screw-clarp 
din cloned, the valve © cuntes into action, and the instrament, in the position of the 
walve shows is the figure, Ika maximum mansmeter. Ly reversing the direction of » 
itis converted Into » minimum manonever, Whee ti opened, the’variations of pres 
ure are cooveyed along 4, ned Ube frotrument then acts like am crdinary manometer, 


energy when the relaxation of the muscular fibres begins ; Briicke, 
however, has giyen another explanation of the dilation of the 
ventricular cayitics, fee p. 210. Marey’ had previously, by a 
graduation of the instrament described above, determined the 
re in the hores to be in the left yentriele about 200 mum, in 

ngkt ventricle only about 25 mum., while that of the right 
auricle he estimated at not more than 2 or 3 mm. He too believed 
the pressure in both ventricles to become negative after systole, 
especially in the case of the left side. Fiek* had also by introdue- 





4 Op, elt, * Op. cit. 
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ing. tube in the several cavities of the heart and making use of his 
spring manometer (see Fig. 50, p. 176) arrived at results which 
agree with those of Goltz and Gaule in so far as the ventricular 
cavities are concerned. He found in the dog the pressure to be in 
the right ventricle from 20 to 40 mim., in the left ventricle about 
140. mm. According to him, however, the are in the right 
auricle is nearly constant, varying not more than 2 mm. from the 

line of atmoepheric pressure, and remaining for the most part 


Fic. 6, 


| 
i 


vi 


Curve of Pressure tn Aara aed Left Ventricte of the Dog, taken with the Manometer 
Of Gelte mm Gaule, (To be read from left to right.) 


Before @, the manometer is working ax an ordinary manometer connected with the 
serta,and the curve shows both che hearybears and ube respiracory curves, the latter 
strongly marked, Ata the mamencter is mae maximum by clamping & (Fig. G4), and 
the curve then skows the straight lise of the maximum aortic preeure. At Sthe tube 
of the manometer is slipped dows into the left ventricle, and at the samme time converted 
into un ordinary manemeter by opening #: the heart-beass, marked on the respiratory 
‘curves, are scex at a level lower than that of the aortic pressure. But when at ¢ the 
mancengter is changed back again imo maximum manometer, the pressure rises az each 
hearv-beat uesil a maxiroam is reached, which Is as high, and in this case, probably on 
‘socount of the heart beating more strongly, very distinctly higher than the aortic 
‘maxim, 


The Mechanism. of the Valves. 


‘The auriculo-ventricular valves present no difficulty. As 
the blood is being driven by the auricular systole into the 
ventricle, a reflux corrent is set up, by which the blood, pass- 
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ing ulong the sides of the ventricle, gets between them and 
the flaps of the valve (whether tricuspid or mitral). Ass the 
presure of the auricular systole diminishes, the same reflux 
currents float the flaps up, until at the extreme end of the 
one meet, thus the orifice is at once and firmly 
closed, at the very beginning of the ventricular beat, (Figs, 
66 and 67.) The increasing intra-ventricular pressure serves 
only to render the valve more and more tense, and in con- 

juenee more secure, the chords tendinem and the contraction 
of the papillary muscles (simultaneous with that of the rest of 
the ventricular walls) preventing the valve from being in- 
verted into the auricle, and, indeed, keeping the valvular 


[Fre os. 


Diagras of Valves of the Hart. After Datrox.] 


sheet convex to the ventricular cavity, by which meahs the 
complete emptying of the ventricle is more fully effected, 
Sinee the same papillary muscle is in many cases connected 
hy chords with the adjacent edges of two flaps, its contraction 

serves to keep these flaps in more complete apposition. 
Moreover, the extreme borders of the valves, outside the at- 
tachments of the chords, are excessively thin, so that when 
the valve is closed, these thin portions are pressed flat together 
back to back; hence while the tougher central parts of the 
valves bear the force of the ventricular ser the opposed 
thin membranous edges, pressed together iy the blood, more 
completely secure the closure of the orifice. [According to 
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ex) reeently made on the horse, in France, it seems 
very doubtful if the auriculo-ventricular valves have anything 
whatever to do with the regurgitation of the blood into the 
auricles, According to these experiments, it appears that 
during the ventricular systole these valves are pulled down 
by the action of the ventricular walls and musculi papi! 

on the chord tendinex. Consequently, it is thought that 
these valves merely serve to guide the blood-current from one 
eavity to another, while the circular layer of fibres of the 
heart-musele which surround the auricular-ventricular orifices, 
by contracting serve to close these openings. If this is s0, 


[rc. 67. 


Diagram of Valves of the Heart —After Dat-row.] 


and which is extremely probable, the heart-sound which hag 
generally been attributed to the closure of the valves is in 
reality due to a sudden tension of them which is likened to 
the sudden pulling of a sail taut.) 


‘The semilunar valves are, during the ventricular systole, 
outwards towards the arterial walls, and thus offer no 
obstacle to the escape of blood from the cavities of the ventri- 
cles. As the ventricular systole diminishes, a reflux current 
partially fills the pockets, and tends to carry their free margins 
towards the middle of the tube. Upon the sudden close of 
the systole, the elastic rebound of the arterial walls causes a 
sudden current backwards, which, filling and distending the 
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eel causes their free ce to come into complete and 
irm contact, and thus entirely blocks the way: The corpora 
Anantii meet in the centre, and the thin membranous festoons 
or lunule are brought into exact apposition. .As in the tri- 
cuspid valves, so hero, while the pressure of the blood is borne 
by the tougher bodies of the several valves, each two thin 
jacent lunulie, together by the blood acting on both 
of them, are kept in complete contact, without any strain 
being put upon them; in this way the orifice is closed ina 
most efficient manner. 


An ingenious view has been put forward by Briicke' concerning 
the action of the semilunar valves. He maintains that during the 
ventricular systole, the a are pressed back flat against the arterial 
Walls, and in the case of the aorta completely cover up the orifices 
of the coronary arteries; hence the flow of blood from the aorta 
into the coronary urteries ean take place only during the rentricular 
diastole, or at the ery begianiox of the esto, and not at all dur 
ing the systole itself. ¢ object of this, he argues, is twofold. 
Tn the fins i the muscular tissue of the ventricle is not bur- 
dened with blood st the moment that it ix undergoing contrao- 
tion, but receives its nutritive supply during the of relaxa- 
tion; hence the whole force of the contraction of the. ventricular 
fibres is spent on the contents of the cavity, and none is wasted in 
compression of the intra-muscular bloodvesscls. In the second 
place, the effect of the flow, at the close of the systole, into the pre- 
viously emptied coronary arteries, is to unfold, 80 to speak, the col- 
aj cavities of the ventricles very much in the same as the 

profs doahle-walled ball maay/ bo reinstated by the 

mn of flaid into the space between the two walla 
Through particular behavior of the valves, in fact, the heart, 
as an after-effect of the systole, dilates its own ventricles; hence 
the mechanista has been called by Briicke a “self-regulating mech- 
aniam. 

Briicke’s view has, however, been much disputed. In the first 
place, we know that the flow of blood from an ordinary skeletal 
muscle, though it may suffer a brief initial check (probably from 
compression of the larger veins), is increased and not diminished 
is tetanic contraction of the musele, the increase being visible 

‘ile the contraction ix still at its height.* Corresponding to this 
lasting increased flow from the veins there must be an ip 
flow into the arteries. And in certain dispositions of the bloodyes- 
sels and muscular fibres (as when a vossel is surrounded by fibres 


running lengthways parallel to itself), the increased thickening of 


Site-Berichte, 1854; and Der Verschlass d. Kranzachlaga- 
Arboiten, 1876; and Journ. Anat. and Phys, 





lies that they may appear uo- 
, but are actually covered dar- 


been 

I] in the absence of the valves, and will not sneceed if the 
fluid from the end of the aorta be hindered though 
intact, the absence of a flow through the coronary ar- 
a tas Ga teeny pressure in the aorta and not to 
The undoubted fact that blood flows 

from a wounded coronary artery in jerks cor ding to the ss 
tole and not to the diastole, Briicke meets with the observation that 
the coronary arteries must share just previous to the closure of the 
valves in that increased pressure in the aorta which ix the cause of 
the closure of the valves, and that the higher pressure thus gained at 
the naronica atin systole is maintained during the systole by the ob- 

struction to the 


outward flow arising from the contracting fibres com- 

joa the small vessels; while the empty condition of the small 
nehes of the coronary arteries and of the veins at the commences 
ment of the diastole, must diminish the pressure in the main coronary 
arteries themselves during diastole, and so prevent a diastolic spart 
from a wound in them. is, however, is hardly satisfactory, since 
as regards the systole, as has been urge above, an obstruction of the 
from compression by the muscular fibres is at least doubtful, 

and as regards the diastole the supposed empty condition of the 
coronary veel can produce an efest only at the very besinning of 
the diastole. On the other hand, Ceradini,’ who observed the con- 
dition of the valves in an excised’ heart. by looking down through a 
wide tabe inserted into the aorta, is of opinion that daring the 
systole the valves are not applied close to the arterial wall, but float 
in an intermediate position of equilibrium, maintained by reflux 
currents, their orifice taking on the form of an equilateral triangle 
with curved sides The same reflux currents gradually (but of 
stole ditnins 

ishes, and the effect of the oktstic rebound is simply to render the 
tense and firm. Thus, argues Ceradini, no regurgitation of 

fluid from the sorta into the ventricle at the end of the systole and 





gh Der Btechaniomis dee balbmondformigen Hersklappen. Leipxig, 
1 
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the beginning of the diastole ix possible, and a hurtful waste, which 
iicke's hypothesis seems unavoidable, is averted. [Inexperi- 
made by ick with the isolated mammalian 

‘ing a canula in the coro! 


coronary arteries by the semilanar valves was correct, | 


The passage of the blood through the heart takes place as 
follows: The right auricle during its diastole, by the relaxa- 
tion of its muscular fibres, and 1 the fact that all 
from the ventricle is removed by the tension of the tricuspid 
valves, offers but little resistance to the ingress of blood 
from the-veins, On the other band, the blood in the trunks, 
both superior and inferior veun cava, is under a certain 
though low pressure, augmented in the case of the superior 
vena caya by grivity, and in consequence flows into the 
empty auricle, At each inspiration, this flow ix favored by 
the negative pressure in the heart and great veswls caused 
by the respiratory movements, Before this hus gone on 
long, the diastole of the ventricle begins, ite cavity sud- 
= dilates, the pressure in that cavity becomes negative, 
drawing the blood into it, the flaps of the tricuspid valve fall 
back, and blood for some little time flows in an unbroken 
stream from the ven cave into the ventricle. In # short 
time, however, before much blood has had time to enter the 
ventricle, the auricle is full, and forthwith its sharp sudden 
systole takes place. Partly by reason of the onwa 
in the veins, which increases rapidly from the heart towards 
the eapillaries, partly from the Seca of valves in the 
venous tranks and at the mouth of the inferior vena cava, but 
still more from the fact that the systole begins at the great 
veins themselves and spreads thence over the auricle, the kirce 
of the auricular contraction is spent in driving the blood, not 
back into the veins, but into the ventricle where the pressure 
is still execedingly low. 


Whether there ix any backward flow at all into the veins, or 
even an interruption to the forward flow, or whether by the pro- 
gressive character of the systole the flow of blood continues, so 

speak, to follow up the systole without break so that the stream 

n the veins into the auricle is really continuous, is at present 
though a slight positive wave of pressure synchronous 
5 ie epinin, traveling Lackward long the veins, hae 
at least in cases where the heart is beating vi 
question of a negative venons pulse, +. 
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backwards of the i shi 
Le ip ape ppeeisite: yresente of shed it cardiac cavities, 


The ventricle thus being filled, the play of the tricuspid 
valves described above comes into action, the auricular sys- 
tole is followed by that of the ventricle, and the preesure 
within the ventricle, cut off from the auricle by the tricuspid 
valves, is brought to bear entirely on the conus arteriosus and 
the pulmonary semilunar valves. As soon as, by the rapidly 
increasing force of the ventricular contraction, the pressure 
within the ventricle becomes greater than that in the pul- 
monary cae De semilunar valves open, and the still in- 
creasing are discharges the contents of the ventricle into 
that vi But ag the systole passes off, the pressure in the 
artery becomes greater than that in the cavity of the ventri- 
ele, and a rebound of the blood takes place. The first act 
of this rebound however is, as we have seen, firmly to close 
the semilonar valves, and thus to shut off the overdistended 
artery from the now empty, or nearly supty, ventricle. 

During the whole of this time the left side has with still 
greater en been executing the same manmuyre. At the 
sume time the venm cayie are filling the right auricle, 
the pulmonary veins are filling the left auricle. At the same 
time that the right auricle is contracting, the left auricle is 
contracting too. The systole of the left ventricle is syn- 
chronous with that of the right ventricle, but executed with 
(aed force ; and the flow of blood is guided on the left side 
7D the mitral and wortic valves in the same way that it is on 

¢ right by the tricuspid valves and those of the pulmonary 


The Sounds of the Heart. 


dull booming sound, the second a short sharp 

nm the first and second sounds, the interval 

of time is very short, too short to be measurable, but between 
the second and the succeeding first sound there is a distinct 
pause, ‘The sounds have been likened to the pronunciation of 
the syllables, libb, dip, so that the eardinc cycle, ax far as 
the sounds are concerned, might be represented by: labb, 
dap, pause. The relative duration of the sounds, and of the 
pause, as well as their relations in point of time to the changes 





214 THE VASCULAR MECHANISM. 


“arg Hog in the heart, are shown in the following diagram, 


‘The second short sharp sound presents no difficulties. Tet is 
coincident in point of time with the closure of the semilunar 
valves, and is heard to the best advantage over the second 
right costal cartilage cloge to its junction with the sternum, 4. 4, 
at the point where the aortic arch comes nearest to the surfice. 
Its characters are such as would belong to a sound generated 


Fic. 63. 


Dingeasimatic Representation of the Movements aod Sounds of the Heart during « 
Cardiac Perled.—Alter Dx. Staxray. 

‘The ventricular systole, wRich ie here used vw denote the setion of the veutticle up 
to the closure of the semilurar valree, is repsesented ax occupying about 43 per cent., 
‘and the two sounds togesber as rather more than half, of the whole period ; but the dia 
ram is knteoded co show merely tbe general relations of the various events, and not to 
serve as a meat of measurement. 


by the sudden tension of valves like the semilanar valves. It 
is obscured and altered, replaced by “murmurs’” when the 
semilunar valves are affected by disease, the alteration being 
most manifest to the ear at the above-mentioned spot when the 
aortic valves are affected. When the aortic valves are hooked 
up by means of wire introdaced down the arteries, the see 
ond Sound is obliterated and replaced by a murmur. These 
facta prove that the second sound is dae to the sudden ten- 
sion of the aortic (and pulmonary) semilunar valves, 

first sound, longer, duller, and of a more “ booming” 
character than the seeond, heard with greatest distinctness at 
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the spot where the cardiac impulse is felt, presents many diffi- 
culties in the way of a fe ad explanation, Tt is heard dis- 
tinetly when the chest-walls are removed. The cardiac im- 
pulse therefore can have little or nothing to do with it, In 
point of time, and in the position in which it may be heard 
to the greatest advantage (at the spot of the cardiac impulse 
where the ventricles come nearest to the surface), it corre- 
4 to the closure of the auriculo-ventricular valves, [If 
the new theory of the action of these valves be accepted (p.210) 
the first sound would correspond to the sudden pulling open 
and tension of the valves by the ventricular walls and musculi 
papillares.] In point of character it is not such a sound as one 
would expect from the vibration of membranous structures, but 
has, on the contrary, many of the characters of a muscular 
sound. In fievor of its being a valvular sound, may be 
the fact that it is obscured, altered, replaced by murmurs, when 
the tricuspid or mitral valves are diseased ; and Halford’ found 
that clumping the great veins mopped the sound though the beat 
continued, On the other hand, Ludwig and Dogiel’ beard the 
sound distinctly in a bloodless dog's heart, in which there was 
no fluid to render the valves tense and set them vibrating. 
But there is « great difficulty in regarding it as a muscular 
sound, for a muscular sound is the result of a tetanic contrac- 
tion, the height of the note produced varying with the number 
per second of the simple contractions which go to make up 
the tetanus. A simple contraction or spasm cannot possibly 
luce a musical sound, such as is the card pedi The 
of the heart is a comparatively slow long-continued single 
spasm, and nota tetanic contraction, In its long latent period, 
and in all its characters, the heart's beat bears the stamp of 
being a single spasm. If so it cannot give rise to a note; and 
the attempt to solve the difficulty by supposing that, though 
the contraction of each cardiac fibre is simple, there is a se- 
quence of these simple contractions over the whole heart in con- 
sequence of the several fibres not contracting at the same time, 
and that this sequence generates the sound, does not appear 
very satisfactory. 


When the nerve of the rheaseopic musele-nerre preparation ( p. 
is placed over the heart, cach beat of the heart (ven 
is followed by a single spasm, not by tetanns, 
muscle. By properly disposi if 
traction corresponding to the 


¥ Action and Sounils of the Heart. 
4 Ladwig's Arbeiten, Jabrg., 1853. 
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about 180 grams (6 ounces) as the quantity of blood which ix 
driven from each ventricle at each systole in a full-grown man 
of average size and weight. It is evident that exactly the 
same quantity must issue ata beat from each ventricle; for if 
the right ventricle at each beat gave out nether less than the 
left, a certain number of beats the whole of the blood 
would be gathered in the systemic circulation. Similarly, if 
the left ventricle gave out less than the right, all the blood 
would soon be into the lungs. The fitct that the 

ure in the right ventricle ix 30 much less than in the left (30 
or 40 mm. as com) with 200 mmm. of mercury), is due, not 
to differences in uantity of blood in the cavities, but to 
the fact that the peripheral resistance which has to be over- 
weet the lungs & so much les than that in the rest of the 

ve 


Various methods have been adopted for calculating erage 


the a 
amount of blood ejected at each ventricular systole, It has been 
talcalnted from tlie capacity of tha rooantly resscrodl wod aa yet Bot 
ad eee, filled with blood under a pressure equal to the cal- 


aver pressure in the ventricle. This method of course 
presupposes the whole contents of the ventricle are ejected at 
each ie. Volkmann' measured the sectional area of the aorta, 
taking an average velocity of the blood in the aorta (a very une 
certain datum), calculated the quantity of blood which must pass 
through the sectional area ina given time. The number of beats 
in that time then gave him the quantity flowing through the area 
and consequently ejected from the heart at cach beat. 
of many experiments on different animals came out .0025 
weight, which in a man of 75 kilos would 


arrived at results much less than either of the above, 
Tn ono case he estimated the quantity ejected from the heart at cach 
beat at 53 grna., and in a second case at 77 grms. 


Tt must be remembered that though it is of advantage to 


1 Hamodynamik, p. 206. 
2 Untarsuch, ype Lab. Zirich. Hochschule, HA. 1, p. 61, 1889. 
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k of an average quantity ejected at each stroke, it is more 
han probable that that quantity may vary within very wide 
limits. Taking, however, 180 grins, as the quantity, in man, 
ejected at each stroke at a pressure of 250 mm, of mercury, 
which is equivalent to 3.21 meters of blood, this means that 
the left ventricle is capable at its systole of lifting 180 grms. 
3.21 m. high, ¢. ¢., it 578 Seeacrare of work at each 
Suppesing the heart to beat 72 times a minute, this 
would give for the day's work of the left ventricle, nearly 
60,000 kilogrammeters; calculating the work of the right 
ventricle at one-fourth that of the left, the work of the whole 
heart would amount to 75,000 kilogrammeters. A calcula- 
tion of more practical value is the following. Taking the 
quantity of blood as ~y of the body weight, the blood of a 
man weighing 75 kilos would be about 5760 grms. If 180 
grms. left the ventricle at each beat, ers uivalent to 
the whole blood would pass through the heart in £) heats, i. c., 
in less than half » minute. 


Variations in the Heart's Beat. 


‘These are for the moet part in reality vital phenomena, i. ¢., 
brought about by events depending on changes in the yital 
meres of some or other of the tissues of the body. It 

be convenient, however, briefly to review them’ here, 
though the discussion of their causation must be deferred to 
its appropriate place. 


The frequency of the heart, ¢.¢., the number of beats in 
any given time, may vary. ‘The average rate of the human 
pulse or heart-beat is 72a minute. It is quicker in children 
than in adults, but quickens again a little in advanced age. 
It is quicker in the adult female than in the adult male, in 
poet short stature than in tall people. It is increased 

yy exertion, and thus is quicker in a standing than in a sit- 


ting, and ina sitting than ina lying posture. It is quickened 
by meals, and while varying thus from time to time during 
, 8 on the whole quicker in the dope J than in early 


morning. It is said to be on the whole quicker in summer 
than in winter. Even independently of muscular exertion it 
seems to be quiekened by great altitudes. Its rate is pro- 
foundly influenced by mental conditions, 





+A high estimate is purposely taken here, 
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The length of the systole may vary, thongh as a genoral 
and broad rale it ma be slated that © ih differs from 
an infrequent pulse chiefly by the length of the diastole. 


Donders found the length of the systole as measured by the in- 
between the first and second sounds to be for ordinary pulses 
remarkably constant in different persons, varying not more than 
from ,327 10.301. ac., aod being therefore rolalively ta the whole 
cardiac period less in slow than in quick pulses. 


The force of the beat may vary; the ventricular le 
may be weak or strong. cs = 


When the rate of beat is suddenly increased there is a tendency 
for the individual beats to be diminished in force, and on the other 
hand to be increased in foree when the rate ix diminished. Bat 


there is no connection between rate and strength ; both a 
frequent sol earalvetent palie may be either weak or strong. 


The character of the beat may vary; the systole may be . 
rapidly 


sudden and sharp, ef reaching a maximum and 
declining, or slow and | ed, reaching its maximum only 
after some time and declining very gradually; the Intter being 
the slow pulse (puleus tardus) as distinguished from the infre- 
quent pulse rarus). The pulse is also sometimes spoken 
of as being slapping, and sometimes as heaving. 


The rhythm may be infermitfent or irregular, Thus in an 
intermittent pulse, a beat may be so to speak dropped: the 
hiatus occurring either regularly or irregularly. In an irreg- 
ular rhythm succeeding beats may differ in length, force, or 
character. 


Sxe. 3. Toe Purse. 


When the finger is placed on an artery, such as the radial, 
an intermittent pressure on the finger, coming and going with 
the baste. the ete is a hig! pe Lhe such as - 
ol emograph (Fig. is on the artery, the 
lever tly at a bent fallin iakween: ‘The pressire on 
the finger, and the raising of the lever, are expressions of the 
expansion of the elastic artery, of the temporary additional 
distension which the artery undergoes at cach systole of the 
ventricle. This intermittent expansion is called the pulse; it 
corresponds exactly to the intermittent outflow of blood from 
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asevered artery, being present in the arteries only, and except 
under particular circumstances, absent from the veins and 
capillaries. The expansion is frequently visible to the eye, 
and in some cases, as where an artery has a bend, may cause 
a certain amount of locomotion of the vessel. 

All the more important Rue of the pulse may be 
witnessed on an artificial acheme 

If two levers be placed on the arterial tubes of an artificial 
scheme,’ one near to the pump, and the other near to the 


[Pra @, 


Marcy's Sphygmograph, 


Ji, 8, Ws whare the sphygmogrph is applied to the aro; X, spring which reste upon 
radial arvery ; V, screw for adjusting marking lever L; H, clock-work; P, smoked 
paper upoo which tracing is made; 7, small spring for causing descent of lever after rals- 
tog.) 


pesspleral resistance, with a considerable length of tubing 
tween them, and both levers be made to write on a record- 
ing surface, one immediately below the other, so that their 
curves can be more easily compared, the following facts may 
be observed when the pump is set to work regularly; 


Ber} With each stroke of the pu pap cat lever (Fig. 71, I 


id IL) rises to a maximum, la, 2a, and then falls again, 


meant o Prion) of dabess pon which fluid can 
fotervals. In the coarse of 

oced in (usitation of tho 

{mul side of the resistance 


iiyide, voine. 
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thus deseribing a curve—the pulse-curye,' This shows that 
the expansion of the tubing passes the point on which the 
lever rests in the form of a wave. At one moment the lever 
is quiet: the tube beneath it ix simply distended to the normal 
permanent amount indicative of the mean arterial preseure; 
at the next moment the pulse expansion reaches the lever, 
and the lever begins to rise, and continues to do so until the 
top of the wave reaches it, after which it falls again until it is 
once more at rest, the wave having completely Ye 
‘The rise of cach lever is somewhat sudden, but the fall is 


[Pr0. 70, 


























Apparstas of Marey for showing Mode in which Pulse is Propagated in the Arteries. 


Bis a rubber pump, with valve atsachment, to prevent @ regurgitant current: 4, 22%, 
are levers reating 0 4 gum tube, at intervals of 20 em. of tubing; C, dram upon which 
‘tmacing ts made; 27, clock-work ta revolve drum] 


more ere and is generally marked with some irregulari- 
tices, The suddenness of the rise is due to the suddenness 
with which the sharp stroke of the pump expands the tube; 
the fall is more gradual because the elastic reaction of the 
walls, whereby the tube returns to its former condition after 
the expanding power of the pump has ceased, is gradual in 
its action. 


2. The size and form of each curve depends in part on the 
amount of pressure exerted by the levers on the tube. If 
* Of. Marey, Trav. d. Lab., i (1875), p. 100. 
19 
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Fra. 71 


Pulte-curves Zexcribed by a series of tix ephygmographis levers placed at [utervalé of 
20 cm, from each saber alomg an elastic tube into which uid is Greed by the sudden 
mroke of a pump, ‘The pulse-wave is travelling trom left t0 right, a indicated by the 
arrows over the peitmary (a) aod secondary (6, ¢) pulvewaves. The dovted vertical 
Vines drawn from the menmit of the several primary waves to the tesing-fock curve be- 
low, each complete vitwation of which o¢owpies yy scc., allow the time 10 be mexwared 
which is thes ep by the wave in paming along 3) cm. of the vuhing. “Thirwaves at 
fare wares refrcted frore the closed distal and of the tabiog: this is ioicared by the 
Minecticn of che wrrows. Ht will be otserved that bw the ware distant lever, Vi, she) 
Mected wave, having bust a slight divtance to travel, beoammss faxed with the peiimary 
Alter Maxey, . 
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the tube has no marked influence; but Moons! finds it to be 
less in the wider tubes. According to Marey the initial 
velocity, the steepness of the wave, has an influence on its 
Tainol rogress. In the human-body the wave has been 
estil to travel at a rate of 9 to 10 meters (Weber, 9.240; 
Garrod, 9-10.8; or, according to Landois, 5 to 6 meters) a 
second. It probably varies very considerably. According 
to all observers the velocity of the wave in passing from the 
groin to the foot is greater than that in passing from the axilla 
to the wrist (6743 nm. against 5772). This is probably due 
to the fact that the femoral artery with its branches is more 
rigid than the axillary. 


Since with increase of mean tension the arteries become more 
and more rigid, it would be expected that the velocity would in- 
crense with the mean tension; and Moen,’ in opposition to Weber's 
earlier results, finds that it does. 


4. When two curves taken at different distances from the 
ump are compared with each other, the far curve will be 
found to be lower, with less sudden rise, and with a more 
rounded summit than the near curve; compare da with la, 
Fig. 71. In other words, the pulse-wave, as it travels onward, 
becomes diminished and flattened out. Ii a series of levers, 
otherwise alike, were placed at intervals on a piece of tubing 
sufficiently long to convert the intermittent stream into 
continuous flow, the pulse-wave might be observed to gradu- 
ally flatten out and grow lees until it ceased to be visible. 
Care must be taken not to confound the progression of the 
pulse-wave with the progression of the fluid itself. The pulse- 
wave travels over the moving blood somewhat as a-rapidly 
moving natural wave travels along a sluggishly flowing river, 
the velocity of the pulse-wave being meters per fon while 
that of the current of blood is not more than .5 meter per 
second even in the large arteries, and diminishes rapidly in 
the smaller ones. 
‘Taking the duration of the systole of the ventricle as yy of 
a second, it is evident that the pulse-wave started by any 
le, if it travels at 9 m. per second, will before, he cod of 
systole have reached a paint yy of 9:m.= 
from the ventricle. In other w the wave is 
pulse-wave is much longer than the whole of th 
tem, so that the beginning of each wave has b 


3.6 m. 





SF, Tracing of Pulse fully Dicrotie: Predicrotie Wave also shown. Pressure, 302, 
(f Typhoid fever.) 

£- Pulse fully Dicrotic, and Dicrotic Wave very large: Prosure, t oz (Typhoid 
fever.) 


Fro TEA. Fig. 724. 


Pas pap f 
A, Pulse wlth very large Predicrotic Wave, Pressure, 4 ounces, (Acute albuminuria.) 


A. Hyperdicestic Pulse, the Dicrotc Wave becoming lost on the succeeding beat. 
‘Pressure, § ounce. After haemorrhage in typhoid fever. 


‘The conditions which favor the prominence of the dicrotice 
wave are chiefly: (1) A sudden strong ventricular systole. 
(2) Low tension, Hence dicrotixm, not previously well 
marked, may be se a on at once by diminution of the 

ipheral resistance secti the vaso-motor nerves. 
on Section 5.) (3) Extensibility (with clastic reaction) of 
the arterial walls. Hence dicrotixm is not well seen in arte- 
ries rigid from disease. It may be well niarked in one artery 
and yet very slight in another, 

Can we explain the dicrotic wave by showing that it is 
either a wave of oscillation or a reflected wave? That the 
dicrotic wave ix not one reflected from the periphery is clearly 
shown by the fact that its distance from the summit of the 
primary curve is either greater or at least ix not regularly les 
at points of the arteries nearer the capillaries than at points 
farther from them. This feature, indeed, shows that the 
dierotic wave cannot be in any a ret le wave. Aguin, 
the more the primary wave is obliterated by the elastic action 
of the arterial walls, the less should be the reflected wave. 
Hence dicrotism should diminish with increased extensibility 
and clastic reaction of the walla. The reverse is the case, 
Besides, the multitudinous Paton) division of the arterial 
Rhee would render one large peripherally reflected wave 


the other hand, all the conditions which favor dicrotism 
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favor the oceurrence of wayes of oscillation, If Fig. 71,1, 
with Fig. 72 0, the similarity between the wave 

4 in the one case and the dicrotie wave C in the 

And we shall probably not go far 

ie dicrotic wave a3 in the main a wave 

ere ig, however, evidence that it is not a 


Tt has beon questioned whether waves of oscillation, so manifest 
in an artificial scheme, do occur to any extent in the arteries of the 
, Surrounded ag are by tisames which it is argued must- 

to act as sores os towards any oscillations due to inertia. Bat 
ei is aa postr evidence of the existence of any such marked 
in, and the remarkable similarity between the tracings 

oe means of exposed tubes and those ren by arteries te 


es wat evidence that in this respect the two behave 


‘That, however, the dicrotic not due to the i mts 
of the 'vesols but mixod in stb Pore pr by i . = 


by its liar 
features. In simple waves of oscillation, such as those Pay: in 
Fig. 71, I, the first wave of oscillation is the largest, the suoceed- 
ins ‘ones iminishing in size. Now the dierotic wave, though un- 
doultediy the most promineat and in many cases the only observable 
wis Lead not the first secondary wave. It ix froquently 
“‘predicrotie’’ wave, which sometimes 
ie th) Yn tebe siz, is probably also a wave of oscillation. 
these are waves of oscillation, there must be causes at 
work pees to diminish the first (predicrotic) or to te the 
second (dierotic). And there is an event which readily sugwests 
itself as likely to reinforce the later occarring wave of oscillation, 
vix., the elosure of the aortic valves. At the lose of the ventricular 
pystole the pressure in aorta becomes higher than that in the 
ventricle ‘tsalf, and and the blood in consequence tends to flow back 
the ventricle, Thus the prosare of the aorta having 
reached its maximum ici) to full by reason of the backward as 
well a8 of the forward flow of the blood. Bat the closure of the 
senvilunar valves Je andy to this fall, A new Nghe of = 
pansion starting from the valves is propagated along the sorta an 
great itdesioa te sequence to the en rimary wave. If we si 
pose this wave, due to the closure of the aortic valves, to coi 
with a ware of oscillation, the prominence of the latter ax the 
erotic wave becomes int ible. This view is supported by the 
pea that insufficieney in the working of the penulunar “valves, the 
eae help ae bgt eon materially interferes with the develop- 
That the waye in question should wholly 
these circumstances is not to be expected, seeing 
on the one hand that it is pestis & wave of oscillation, and on the 
other that the valves need not be perfectly closed in order that a 
20 
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secondary wave of expansion may be started at the end of the 
systole, “Such a wave would be originated by any obstacle to the 
return of blood into the ventricle; and such an obstacle must exist, 
with even the most imperfect. valves, or otherwise the circulation 
would goon come to an end. 

Burdon-Sanderson, however, denies that the nortic valves act as 
above explained in producing the dicrotic wave, basing his opinion 
‘on the ids: Ist. That not only may the dicrotic wave he pro- 
duced, but that a tracing presenting all the graphical characters of 
the radial pulse tracing inay be obtained on an artificial seheme in 
the absence of any valves corresponding to the aortic valves; 2d. 
‘That. the form of a tracing taken at any point of an artificial scheme 
may be modified at pleasure, and any natural pulse tracing imitated 
by introducing changes into the distal portion of the echewe while 
the portion corresponding to the heart remains absolutely the same, 
The view he takes is somewhat ax follows: If A be a point in the 
arterial eae and B « more distal point, the maximum expansion 
of B will take place somewhat later than the maximum expansion 
of A; when 8 is at its maximum of pepansicn, A will be already 
declining. As the elastic reaction of & sets in it exerts a pressure 
pot only forwards but backwards, co that the decline of expansion 
in B may be regarded us giving rise to a wave of ee travel- 
ling forwards, and toa wave of expansion travelling wards, the 
latter reaching A during the decline of expansion at that point, and 
therefore giving rise in A to a secondary expansion. This secondary 
expansion due to the action of the artery at the single point 2 is of 
course small; but what is true of B ix also true of all the points 
distal to.A. Consequently the byes! at the point A is, during the 
decline of its primary expansion, subject to « secondary expansion, 
caused by the clastic reaction of all the arteries in front of, & 6, 
more distal than itself. The dicrotic wave at any given point is, in 
fick, ainettialary cxpaiision, brousht about by the combiend elaatia 
reaction of the more distal portions of the system. 

Moens' compares the dicrotic wave to the waves which he calls 
" wares of cama, een when the fw of fuk! through a tte e 
suddenly chee! and locks upon it a3 simply a wave generat 
tho reflux of blood against the clased aortic valves, 

Mosw,* while admitting the dicrotic wave to be a wave of oscil- 
Intion, affirms, in oppeeition to most other observers, that it is 
diminished by a diminution of tension, being lessened, or even 
abolished, when the artery dilates. 


The other secondary waye worthy of notice, the so-called 
jicrotie wave, Fig. 724, B, is much more variable than 
the dicrotic. Its mode of origin is obscure, but it is probably 
& wave of oscillation, 
Somutiues, though rarely, the dicrotic wave is followed by yi 


1 Op.cit. © Variaxioni Locali del Polso, 187% _ 
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another wave, which seems to be simply a wave of oscillation. The 
pulse is then said to be ‘‘tricrotic.”” 

Th some instances the prodicrotic wave appears to be broken into 
two, and it becomes often very difficult to distinguish those secondary 
waves of the pulse-carve which are really due to events taking place 
in the ntery from those which have their origin (through inertia i 


Shs spring, ete.) in the instrument itself.’ It is worthy of m 


t summit of the curve of intra-ventricular press . 62, 
is also marked by one or more secondary waves, bearing a consider- 
able resemblance to the predicrotic wave. In the curves obtained 
by Landoix? by allowing the blood from the end of a divided artery 
{0 spurt out on toa reconling surface, there is no trace of a pre 
dicrotic wave, though the dierotic wave is exceedingly well marked. 


The pulse then is the expression of two sets of conditions: 
one pertaining to the heart, and the other to the arterial 
. The arterial conditions remaining the same, the 
of the pulse may be modified by changes taking 
 cesea in the beat of the heart; and again, the beat of the 
eart remaining the same, the pulse may be modified by 
changes taking place in the arterial walls, Hence the diag- 
nostic value of the pulse-characters. It must, however, be 
remembered that arterial changes may be accompanied by 
compensating cardiac changes to such an extent that the same 
features of ee may obtain under totally diverse con- 
ditions, provi that these conditions affect both factors in 
compensating directions. 


fh 
eeinning of the 

the ventricle, we should expect to find that a wave of diminished 
pressure travelled backwards from the heart, along the great veins; 
amd many authors have insisted on the existence of such a “negative 
pale" evers in health. ‘Thus Mosso* gives tracings of the a 
curves of the jugular and other veins which are marked by do- 

e corresponding to the elevations of tho arterial pressure 





s anates | Gulabin, Journ, of Anat. and Phys,, vol. vili, p.1; aloo 


ly, lx (1874), 7 
1. Scien. Med, ii (1878), p. 401. 
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Variations of pressure in the great veins due to the respiratory 
Inovements are sometimes spoken of asa venous 5 the natare 
of theSe variations will be explained in treating iirati 


OU. Tre Virat Paesomena or tive Crrcunarioy. 
So far the facts with which we have had to deal, with the 


and needing much, or at rest and needing little, would receive 
their ration of blood allotted with « pernicious monotony. 
Just the same amount of blood would through the skin 
on the hottest as on the coldest day. The canon of the life 
of every part of the whole period of its existence would be 
furnished by the inborn diameter of its bloodvessels, and by 
the aevecriad motive power of the heart, 

Such a rigid system, however, does not exist in actual liy- 
ing beings. The vascular mechanism in all animals which 
possess one is capable of local and general modifications, 
adapting it to local and general changes of circumstances. 
‘These modifications fall into two great classes: 


1. Changes in the heart’s beat, These being central, have, 
of course, a general effect. 


2. Changes to the peripheral resistance, due to variations 
in the calibre of the minute arteries, brought about by the 
agency of their contractile muscular coats, These changes 
may be either local or general. 


‘To these may be added as subsidiary modifying events: 


3. Changes in the peripheral resistance of the capillaries 
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due to alterations in the adhesiveness of the capillary walls 

or to other influences arising out of the as obscure rela- 

Sot fata patella copliry wally end Sopendiog ox Use vat 
in le walls, ‘on the vit 

Gonitifitan of the ona or af the other. pugs ites 

an increase of peripheral resistance are seen to a mar! 
in ion. 


4. Changes in the quantity of blood in circulation. 
direct} 
of the 


or on the small arteries, or on both, that a change of circum- 
stances affecting either the whole or a part of the body is met 
Saeco or regulative changes in the flow of blood. 

is by means of the nervous system that an organ has a more 
supply of blood when at work than when at rest, that the 

of blood through the skin rises and ebbs with the rise 


‘cca! erg and wanes. Each of these vital factors of 
circulation must therefore be considered in connection with 


those parts of the neryous system which are concerned in their 
action. 


Sno. 4. Cuaxors ox mie Bear or rae Hearn, 


We have already discussed the more purely mechanical 

of the heart, We have therefore in the present 

only to inquire into the nature and working of the 

mechanism by which the beat of the heart is maintained, 
varied, and regulated, 

When rs ventricle which has ceased to beat spontanc- 
ously is stimulated by touching it with a blunt needle, a beat 
is frequently called forth; this artificial heat differs in no ob- 
vious characters from a natural beat, The latent period of 
such an artificial beat is remarkably long, the length varying 
within very wide limits, Thus the cardiac contraction is more 
like that of an unstriated than of « striated muscle, The 


— 
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beat is in fact a modified or peculiar form of peristaltic con~ 
traction. In the hearts of some animals, the ventricle forms 
“straight tube; and in thes the peristaltic character of the 
beat is obvious; but in a twisted tube like that of the verte- 
brate ventricle, ordinary peristaltic action would be impotent 
to drive the blood ath tp and is accordingly so far modified 
that the peristaltic charucter of the beat is recognized only 
when the action of the heart becomes slow and feeble. 

The cardiac, like the skeletal muscular fibre, after a con- 
traction returns by relaxation to its previous shape, and the 
whole ventricle (or whole heart) seging after a beat the form 
natural to its quiescent state. This diastolic expansion, though 
increased by, is not dependent on, the influx of fluid into tl 
cavities of the heart. Thus the cavity of the empty quiescent 
mammalian left ventricle, though smaller than when it is dis- 
tended with blood as in its normal action, is larger than when 
it is in systole or when rigor mortis has set in; moreover if its 
dimensions be artificially lessened, as when it is squeezed with 
the hand, it returns by an elastic reaction to its former volume 
when the pressure is removed. It is by this elastic expansion 


that the negative ware during diastole (p. 205) is probabl; 
oS rele ing p probably 


One great feature of the cardiac beat produced by artificial etim- 
ulation is seen in the absence of any relationship between the strength 
of the stimulus employed to produce a beat and the amount of on 
traction evoked. The beat with which « heart reeponds to a stim- 
ulus, ¢ g., 3 single induction-shock, is, if there be any response at 
BEeiqcaly large whoa a fiche x When we etrong miulld Ws tae: 
though the strength of the beat evoked either by a strung or a weal 
stimulus may vary considerably within even a very short period of 
time. 

When a second induction-shock is sent in at a certain interval 

the beat due to the second shock is often larger than 

beneficial effects of a contraction pels 12)) bei 

still more manifest in the heart than in an ordinary skelet 
sole. Frequently by snocosive shocks of equal intensity a “stair> 
case"’ of beats of successively increasing amplitude may be pro- 


When a second induction-shock follows upon the first too nipidly, 
it ix sprecently without effect; no second beat is produced. So 
also when a series of rapidly repeated induction-shocks are set. in, 
acertain number of them are thus ** ineffectual; "’ the application 
of the ordinary interrupted current gives rise not to a tetanus but 
oa is eetica uf beata The " reffastory period,” which 1a 
» in the skeletal mnscle (see p. 114), is very prolonged in the 
camdiac muscle. So also in a spontaneously beating heart, indac- 
tion-shocks sent in at a certain phase of a cardiac cycle, « g., the 
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the influences of eertai 


of the beat 


Hellebore, calabar bean, jum bromide, aconite, jervia, and 
apie doses) diminiuh che freq wocvey Of the pillee acd ealiey 


the nitrites increase the frequency by direet action on 
the heart, Many of the above-named drugs act also upon the car- 
dine nerves or centres (see pp. 241 and 246) which more or less 
influences or modifies their direct cardiac action. Quinine in large 
doses diminishes blood pressure ; calabar bean causes first a decrease, 
then a rise, followed by # fall; and digitalis (also stimulates vaso- 
motor — and ammonia eanse an increase by direct cardiac 
aetion. 


Nervous Mechanism of the Beat—Tho beat of the heart 
is an automatic action; the muscular contractions which con- 
stitute the beat are caused by impulses which arise spontane- 
ously in the heart itself. 7 

heart of a frog (or of a turtle or fish, ete.) will continue 
to beat for hours, or under fixvorable circumstances for days, 
after removal from the body. The beat ‘on even after 
the cavities have been cleared of blood, and indeed when they 
are almost empty of all fluid. The beats are more vigorous 
and last longer when the heart is removed by incisions which 
leave the sinus venosus still attached to the auricles. The ex- 
cited heart docs, however, though for a shorter time and not 
#0 readily, continue to beat spontancously when removed by 


2 Of Bowditch, Ludwig's Arbeiten, 1871, and Marey, Travaax da 
Laborat it (1878), p. 6 

* Roy, Journ. Physiol,, | (1878), p- 452. 

i ebicleterg, wig’s Festgabe (1874), p. 222. 
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‘Dingram to aid in understanding the Action of the Nerves wpanthe Heart. ‘The right 
Thalf cepresents the course of the inhibitory, and the felt che course of the accelerating 
nerves of the heart; the arrows showing the direction in which impressions are con: 
ered. The ellipse at the upper extremity of the vagus looking ike the section of the 
nerve is intended to represen the vagal mechs or centre. Afier Caxraxran.] 


beng round the tube at the junction of the upper and middle 
Piuid introdaced through one canal at a Tove pressure dis 





TMerunowicz, Ludwig's Arbeiten, 1875, p. 132. Compare, how- 
aver, Bornstein, Centralbt. f, med. Wiss., 1876, 385, 485. Bowditch, 
Mourn, Physiol., | (1878), p. 104. 
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tends the ventricle, and when a beat takes place, is driven out 
through the othereinal. Fed in this way with rabbit's (or sheep's, 
ete, } serum or blood, almost any part of the ventricle may be made 
after a period of rest to execute what are apparently spontaneous 
rhythmic pulsations. If it be urged that the serum or blood ix a 
stimulus which provokes contractions, there still remains the diffi- 
culty, why the continned stimulus produces not a continued con- 
traction, but a rhythmic pulsation, Moreover, in the case of the 
thythmic beats evoked by the constant current, the current cannot 
i its passage be regarded as a stimulus in the ordinary sense of 
the war 


The beat of the mammalian heart cannot be studied in the 
same way as that of the frog, for the former ceases to beat 
almost immediately after removal from the body; but all the 
facts which have hitherto been observed go to prove that the 
heart of « warm-blooded animal is governed by a nervous 
mechanism similar to that which has just been described. 

Prof. Martin has recently almost succeeded in completely 
isolating the mammalian heart. The vessels, etc. were di- 
vided until finally the heart was entirely separated from the 
rest of the body except the lungs, and in this condition it 
kept pulsating regularly for five hours,] 

Tine as the two auricles of the frog’s heart beat synchro- 


nously under all circumstances (excepting actual separation), 
80 also the two ventricles of the cuenta heart act com- 
pletely as one. A want of synchronism in the two ventricles, 
though it has been called in to explain certain pathological 
phenomena, has not been observed experimentally. 


The occurrence of two cardiac impulses to one arterial pulse, %¢., 
an intermittence of the arterial pulse anaccom ed by a cardiac 
intermittence, which has sometimes suggested the idea of a want of 
synchronism in the two ventricles leading to a double cardiac im- 
pulse, may be otherwise explai Tn such a case, of the two 
contractions of the ventricle one is so weak that it fails to throw 
into the arterial system enough blood to give rise to a pulse-wave, 


Inhibition of the Beat-—The beat of the heart may be 
stopped or checked, ¢ c., may be inhibited by efferent impulses 
descending the vagus nerve (Tig. 73). 

Tf while the beats of the heart of a frog or rabbit are being 
carefully registered (Fig. 74) an interrupted current of mod- 
erate te a sent through one of the vagi, the heart isseen 
to stop beating. It remains for a time in diastole, perfectly 
motionless and flaccid. If the duration of the current he 
short and the strength of the current great, the standstill may 
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brent after the Stbest has eect off; the beats when 

reap are generally at first feeble and infrequent, but. 

soon ested even go beyond their previous vigor and fre- 

quency. A wholly similar inhibition may be seen in the mam- 
; and indeed ‘in man. Czermak, by pressing. his 


Pacey # small osseous tumor in his neck, and thus mechanic- 
ly stimulating the nerve, was able to stop at will the beating 
of his own heart; it need hardly be added that such an ex- 

periment is a dangerous one. 
‘The effect is not produced instantaneously ; if on the curve 
74), where the cur- 


the point be exactly marked as at a (Fig. 


Fro, 76. 


Tndidition of Frog’s Heart by Stimulation of the Vagus. 
“The contractions of the ventricke are registered by meas of a simple lever, so that 
each tive of te lever corresponds vo a best, ‘The lmerrupted current was throws ln ag 
and shut offat 5, Te will be seen that one beat occurred after a, ated thas the paume 
continaed for some time afters. (To be read from right to left.) 


rent is made, it will frequently be found that one beat at least 
oceurs afler the current has passed into the nerve. In other 
words, the inhibitory action of the vagus has a long latent 
period ; this has been estimated by Donders to lust in the 
rabbit .16 second. The inhibitory effect is at a maximum 
soon after the moment of application of the current, and di- 
minishes gradually onward; 20 much 60 ix this the case that, 
when the current is applied for more than a very short time, 
the heart recommences beating before the current is removed. 
effect, especially with weak currents, is much more in the 
direetion of Prolonging the diastole than of diminishing the 
extent of the systole, Hence with weak currents no actual 
stoppage takes place, but the pauses between the beats are 
prolonged, expecially at the beginning of the action of 

the current, and the pulse thereby rendered slow. During the 
standstill direct stimulation of the heart, as by touching the 
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auricle or ventricle, will produce a simple beat; though spon- 
taneous pulsations are absent, the irritability of the muscular 
fibres is not destroyed. 

‘The stimulus need not be an interrupted current; me- 
chanical and chemical stimulation of the vagus also produces 
inhibition, though less readily. 

After atropin, even in a minute dose, has been injected 
into the blood, stimulation of the vagus, even with the most 
(linings currents, produces no inhibition whatever. ‘The 

continues to beat as if nothing were haj ing ; atro- 
i in some af or other, does away with normal in- 
‘ibitory action of the vagus. 


‘The above facts show that the events which are at the bottom of 
8 inhibition are complex. The following considerations render 
this still more evident: 

A single induction-shock rarely produces an effect which can be 
measured: but a seriés of shocks, repeated at intervals (the inter- 
val may be equal to or even greater than the length of a whole 
cardiac cycle), produces very marked inhibition, 

Tf one application of the current be rapidly followed by a second. 
application of the same current, the effects are very markedly less, 

i# seems to be due partly to exhaustion of the vagus fibres, but 
also to something which has taken place in the heart iteelf’; for a 
stimulation of one vagus, immediately following the stimulation of 
the other, at least when prolonged, is diminished in effect." 

The stimulus may be applied at any part of the course of either 
vagus (though it frequent! y happens in the frog that one vagus is 
more efficient than the other); but, perhaps, the most marked 
effects are produced when the electrodes are phiced on the bounds 

-line between the sinus yenosus and the auricles. 

Oka slight urari poisoning the inhibitory action of the vagus is still 


resent; in the profounder stages it disappears, but even then in- 
Pibition may be obtained by applying the electrodes to the sinus. 


In order to explain this result, it has been supposed that the 
inhibitory Bien or the vagus terminate in an inhibitory mechanism 
(probably ganglionic in nature), seated in the heart itself, and that 
the urari, while in: large doees it may paralyeo the terminal: Shree 
of the vagus, leaves this inhibitory mechanism intact and capable 
of being thrown into activity ly a stimulus applied directly to the 
sinus, After atropin has been given, inhibition cannot be it 
by stimulation either of the vagus fibres or of the sinus: or, indeed, 
tang part of the heart, Hence it is inferred that atropin, unlike 
‘urari, paralyzes this intrinsic inhibitory mechanism itsel! (Hig, 73). 
"Afer the application of musearin or jaborandi the heart 
beating, and remains in diastole in perfect standstill. Its aypyeat- 
ance ix then exactly that of « heart inhibited by profound and? \3- 





Of. Gamges and Priestloy, Journ. Physiol, 1 (1878), P ay. 
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i mesnil 
stimulates or exci inhibit 
: tne hore 
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iven first, slows the heart even to a standstill ; but 
recover their usual rhythm. | Stimulation of 
hay ; muscarin, however, at 
still, which in tum inay be removed } 
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stimulus, such as the prick of a needle, is applied over the seat of 
idkler's ganglia at the junction of the auricles with the ventricles, 
orto the gunglia in the auricles and in the bulbus; and when the 
ventricle is separated by an incision from the auricles, the former 
will recommence beating, while the Jatter remain a8 quieseent as 
before. A rhythmic beat may also he induced during the standstill 
Ay applying the constant current, during the action of which there 
is a great tendeney for the ventricle to heat before the auricles. 
‘Two interpretations have been offered of this standstill. Tt has 
been suggested that the ligature or section stimulates the endi 
of the vagus, and so produces inhibition. This ix disproved by ¢l 
fact that the standstill appears equally well, whether atropin have 
heen previously given or not. According to the other view, the 
antomiitic movements of the heart depend on the ganglia in 
the sinus, the pulsations which appear in the isolated ventricle or 
auricles being in reality reflex pulsations, or pulsations caused by 
some stimulus pot really automatic, and therefore not so lasting ; 
ot, if there be an automatic apparatus in ventricle or auricle, it is 
kept in check by the action of the inhibitory apparatus spoken of 
above, and only makes ite presence felt on some stimulus being 
appli This view again is disproved by the fact thut if the sinus 
be gradually soparated from the auricles no standstill takes place. 
The whole subject needs further elucidation, 


Reflex Inhibition.—This-inhibitory action of the vagus 
may be brought about by reflex action. If the abdomen of 
a frog be laid bare, and the intestine be struck sharply, as 
with the handle of a scalpel, the heart will stand atill in 
diastole with all the phenomena of vagus inhibition. If the 
nerei mesenterici or the connections of these nerves with the 
sympathetic chain be stimulated with the interrupted current, 
bac inhibition is similarly produced. “If in these two ex- 

iments both vagi are divided, or the medulla oblongata 
Rectroyal: inhibition is not produced, however much either 
the intestine or the mesenteric nerves be stimulated. This 
shows that the phenomena are caused by impulses ascending 
along the mesentoric nerves to the medulla, and 40 affveting a 
portion of that organ as to give rise by reflex action to im- 
pulses which descend the vagi as inhibitory impulses. The 
portion of the medolla thus mediating between the afferent 
and efferent impulses may be spoken of as the cardio-inhibi- 
tory [or vagal] centre. 


Tf the peritoneal surface of the intestines be inflamed, 
gentle stimulation of the inflamed surface will produce mark: 

) Munk, Verhandl. Berl. physiol. Gesell., reported in Archiv 
Anat u. Phys, 1879, 509. > rls 
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irene in general the alimentary tract seems in closer 
connection with the cardio-inhibitory centre than other parts 
of the ety but apparently stimuli if sufficiently powerful 
will through reflex action produce inhibition from whatever 
pe of the body they may come. Thus crushing a frog’s 
Will stop the heart. Tn ourselves the fainting from ¢mo- 
tion or from severe pain is the result of a reflex inhibition of 
the heart, the afferent impulses in the one ease at least, and 
probably in both cases, reaching the medilla from the brain. 
Direct stimulation of the centre iteelf, such as occurs 
during the destruction of or results from injury to the me- 
dulla, of course produces inhibition; and inhibition through 
one vagus may be brought about by ‘stimulation of the centre 
end of the other. 
Thus nervous Jinks, the regulative action of the inhib- 
itory mee! is pes into more or leas close communion 
with all parts of the 


‘The question naturally arises, Has this cantio-inhibitory centre 
(md action? 


in ed ip alo, though to a far lees extent, - the rabbit, 
‘of both vai is followed by a quickening of the heart's 

ois result may be interpreted as showing that the centre 

jn the medulls exeruives » permanent satan influence on the 


that organ in fiet being habitually earl (The argument 

thn fot tha etiete Of aa rte Mimmlation SOME vanes oon wea 
off, and that therefore a permanent gears of the vagi, leading 

lo permanent inhibitory action, would be impossible, may be met 
the suggestion that the effects of natural stimulation need not 
yer a — off.) Tf, however, previous to the section of the 

yagi, afferent impulses to the centre in the medulla are cut off by 
the section of the spinal cord below the medulla and by the division 
of secre oe pathetic chain, no acceleration follows the divi- 
This would show that the action of the medulla 

and not automatic. Such an experi- 

laces many sources ot ones and, eng cha 

ix at bottom = barren «1 joweve;, 

a centre in the medulla, whic Pe ead automatically 

janent action, it is obviously open to us to 

ibition as being broaght about by influcnees 

which augment the action of that centre. But we have seen that 
active nervous centres are subject, not only to augmentative, but 
also to iuhibitory influences. Hence the cardio-inhibitory centre 
itself be inhibited Mi impulses reaching it from various 

the beat of the heart might be quick- 

lesoning of the normal action of its inhibitory centre in 

lis, Lt is in fact probate that many cases of quickening 

's beat are produced in this way, though the matter 


requires further investigation. 
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Accelerator Nerves.—The heart's beat ma; gan the mammal be 
quickened, even after division of both vagi, 
of ile corvical spinal 40rd. The elects pr Berg Bons 


‘The Last Cervical and Fiest Thoracic Ganglia [a the Rabbit. (Leh wide.) (Somewhat 
diagrammatic, many of the various branches being omitted.) 

Treck., trachea, Ca., cantid artery. sh, aubclavian artery. m. Vag, the vague 
Areok. rer. the recurrent laryngeal, sym, the cervical sympathetic nerve ending 
fn the inferiee cervical ganglion, gf. cere. inf, Two roots of the ganglion are shown, 
vad., the lower of the two accompanying the vertebeal artery, A. ner?., being the one 

possessing accelerator properticn. gi. ther, pr., the first thorack ganghen. 
Tis two branches commuicating with the cervical ganglion surround the subdlavian 
artery forming the anrius of Viewssens. eye, thor, the thoracie sympathetic chain. 
1: dep., Gepreasor nerve. This is joined in its course by a branch from the lower cervical 
gangiion, there being a emai ganglion at their jumctice, from which proceed meryes 80 
feews a pienws over the arch of the sora, itis this Seanch from the lower cervical gam- 
silon which possenes accelerator propertice—Deace the course of the accelerator fitmes 
a Andicated in the figure by the arrows, 


com and led, on their first being made known, to much 
dion ete of hh a mani as 
of » very 


sis 
glia; these hw 
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Fic. 76 


~ The Last Cervical and Fiest Thoracic Ganglia in the Deg. 
The eardine nerves of the dog. ‘The figure ls largely diagrammatic, and represents the 
ett side, 


27m, the united vague and ceevical sympathecie nerves. gf. cerv. (., the inferiae 
cervical gaaglion. m. p., the continuation ef the trunk of the vagus, ann. J”, the two 
branches forming the annulus of Viewsens round the subclavian artery, art, suit, and 
Joining it. th. pr., the fest thoracic or stellate gangtion (the branch running in feoot of 
the artery bs comaidered by Schmiedeberg to Le an especial channel of accelerator fibres}. 
ym. thorac., the sympathgic trunk in the thorax. r. verf., communicating branches 
from the cervical nervex running alcaguide the vertebral artery, the rami vertebales, 
m. Pee,, the recurrent laryngeal, ». ¢., carghac Wanches from the tower cervical gxn- 
ellon, nceelerator nerves of Schmicdedere w’.c’., carding beanches feo the first thoracic 
‘ganglion, accelerator nerves of Cyon, we’. c%., cardise branch from recurrent nerve, 
1r.0rtc,, branch them lower cervical gangiion to the recurrent serve, often containing accel- 
erator fires. 


inka tak eh 's beat, in 
Dlood-pressure is not necessarily increased, but may 
ca even be diminished. Not only is the latent 
the nction of these nerves considerable, but_ it moreover 
time, as nich a8 10 seconds, even with maximal 
the maximum of acceleration is reached (the 
21 
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acecleration often continuing after the stimulus has been removed), 
and the dectine back to the normal pulse-rate is still slower. Stim- 
ulation for even a second may thus produce an acceleration lasti 

Scouiderable tne. ‘These acotleratar nerves seem to be unaffected 
by the various poisons, including urari, which act upon the vagus 
and other parts of the nervous system of the heart, and are effective 
in the midst of profound asphyxia, Their influence is closely de- 
pendent on temperature; at low temperatures their influence ix 
slight, and long in making its apy ; a8 the temperature rises 
their action becomes more speedily developed and more powerful. 
They are not to be considered as antagonistic to the vagi; for if 
during maximum stimulation of the accelerator neryes the vagus be 
stimulated, even with minimum currents, inhibition is produce 

with the same readiness ay if these were not acting. The period 
of inhibition, however, is followed by a period of acceleration sim- 
ilar to that produced by oy action of rasade pre alone, the 
vagus action appearing simply to suspend, during its continuance, 
the tiamifiatation of the aggalerator action bat not to aanal i. We 


know ut present little concerning the share which these nerves 

in the nataral action of the economy, If, as later researches of 
Baxt? would seem to show, their « erating effect is characterized, 
not only by a diminution of the diastole, but also by an actual short= 


ening of the candiac systole, it is obvious that the quickening of the 
heart's beat produced by their action is something quite different 
from the quickening indirectly brought about by a diminution of the 
activity of the candio-inhibitory centre. Baxt compares their action 
to that of heat directly influencing the cardiac tissues: and the com- 
parison is certainly a su; ive one, 

Many observers have obtained un acceleration of the heart's beats 
upon stimulation, under certain ciroumstances, of the trunk of the 
vagus (Fig. 73). And Schiff* maintains that the accelerator nerves 
described above come from the yagus and not from the spinal cord, 

[Alcohol (in small doses), ethylene bichloride, and ammonia stimu~ 
late the accelerator nerves; belladonna stimulates both the acvele- 
rator nerves and centres, Apomorphia* probably stimulates the 
accelerator fibres of the vagi paves} 


The beat of the heart may also be modified by influences 
bearing directly on the nutrition of the heart. The tissues of 
the heart, like all other tissues, need an adequate supply of 
ipod of a proper quality; if the blood vary in quality or 
quantity, the beat of the heart is correspondingly affected. 





1 Schmiedeberg, Ladwig’s Arbeiten, 18 

+ Baxt., Die Stollung des N. vagus zum N. sccclorans, Ladwig’s 
Arbeiten, 1875, 

* Archiv f. Anat. a, Phys., 1878, p. 121. 

* Piliiger's Archiv, xvili (1878), p.172. Soo also many previous 
papers there quoted. 

Reichert, ae Action of Apomorphiw Hydrochloras; Phil. 

Med, Times, X, Nos, 814, 215, 316.) 
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The excised frog's heart, as we have seen, continues ta beat 
for some considerable time, though apparently empty of blood. 
After awhile, however, the beats diminish and disappear; and 
their disappearance is greatly hastened by washing out the 
heart with a normal saline solution which, when allowed to 
flow through the cavities of the heart, readily permeates the 
tissues on account of the peculiar construction of the "8 
eardiae walls, If such a “washed out” quiescent heart 
fed in the manner described at p. 237, with diluted blood (of 
the rabbit, sheep, etc.) it may be restored to functional activity. 
A similar but less complete restoration may be witnessed if 
serum be used instead of blood; and » heart fed régularly 
with fresh supplies of blood, or even of serum, may be kept 
beating for a very great length of time. 


‘The beneficial action seems to be partly due to the alkaline serum 
oma bare acids continually produced by the muscular con- 
tractions; for dilute alkaline solutions, ex. gr., 2 solution of sodium 
Irate 005 per cent, in the normal saline solution, are even more 

jent than serum.’ Gaule? further finds that the beats are as 
sisted, ially a8 regarda their force, by adding to the alkaline 
solution a trace of peptone. 


When the heart is fed with rabbit's serum, the beats, whether 
spontaneous or provoked by stimulation, are apt to become in- 
termittent and to arrange themselves into groupe. ‘This inter- 
Mittence is due to the chemical action of the. serum; and it is 
probable that cardiac intermittences seen during life have often 
asimilar causation. Various chemical substances in the blood, 
natural or morbid, may thus affect the heart's beat by acting 
‘on its museular fibres, its reflex or automatic ganglia, or its 
intrinsic inhibitory siershe 

‘The physical or mechanical circumstances of the heart aleo 
affect its beat; of these perhaps the most important is the 
amount of the distension of its ics, The contractions of 
cardiac muscle, like those of ordinary muscle (see p, 115), are 
increased up to a certain limit by the resistance which they 
haye to overcome; a full yentricle will, other things being 
equal, contract more vigorously than one leas fall; though as 
in muscle, the limit at which resistance is beneficinl may be 
passed, and an overfull ventricle will cease to beat at all. 


‘The influences of resistance in the ease of the heart are, however, 





X Merunovies, Ladwig's Asbelten, 1975, p. 122 Gnole, Arch. f 


Anot a. Phys, 1878, p. 201, 7 Op. cit, 
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ving is obaerved when the pressure is increased ; this has been 
attributed to the action of the increased arterial prossure on the 
endings of the vagus fibres in the heart itself. 


agency at work, Sometimes, even after section of the vagi, a slight 


The Effects on the Circulation of Changes in the Heart's Beat, 


Any variation in the heart's beat directly affects the blood- 
presstire unless some compensating influence be at work. The 
most extreme caze is that of complete inhibition. Thus, if 
while a tracing of arterial pressure is being taken, the beat of 
the heart be suddenly arrested, some such curve as that repre- 
sented in Fig. 77 will be obtained. It will be observed that 
immediately after the last beat there is a sudden rapid full of 


‘showing the Tafluence of Cardiac Inbibition on Blood-preasure, From a Rabbit. 
‘carvers was thrown inio the vagus a8 4 and shut off at 4, It will be observed that 
beat ls vecurded after the commencement of the stimulation. ‘Then follows a very 


ail, coemiauing after the cessation of the stimelus. With the returning beats, the 
tes hy heaps until the normal presvure is regained. 


ped-pressure, the curve described by the float more or 
closely resembling a parabola. At the close of the last 
the arterial system is at its maximum of distension; 
ith the elastic reaction of the arterial walls propels the 
forward into the veins, and there being no fresh fluid 
the heart, the fall of the mercury is unbroken, 

wid at first, but slower afterwards as the elastic force 
rial walls is more and more used up. With the re- 

, the mercury correspondin rises in successive 
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leaps until the normal pressure is regained. ‘The size of these 
returning leape of the mercury may seem extraordinary, Fig. 
78, but it must be remembered that by far the greater part of 
the force of the first few strokes of the heart is expended in 


ta Coat a re a rs es Se 
d-pressure during Cardiac Exhibition. Krom « Dog. 
{The tracing reads free right to left.) 


The fine T'Indicates the velocity at which the recording surface was tavelling, the 
‘Vertical lines marking secomls, ‘The line Sindicates the application of the stimulas, an 
lnterrepted current being throws into the vague during the break tn the Hine. Ht will be 
noticed that, in thin case, the stimulus beisg comparatively weak, the effect Ie rather an 
extreme towing than ant acum| cessation of the beats. ‘The large leaps of the mere 
6, Caused partly by the alownes of the beats, are very cusapicvous, indeed uneamlly 
large, 


distending the arterial system, a small portion only of the 
blood which is ejected into the arteries passing on into the 
veins, As the arterial pressure rises, more and more blood 
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passes at each beat through the capillaries, and the rise of the 
mercury at each beat becomes less and leas, until at last the 
whole contents of the ventricle pazs at each stroke into the 
veins, and the mean arterial pressure is established. To this 
it may be added that the force of the individual beats is some- 
what ea after tet ett a that is nab the 

i lopression is follo ‘a period of reaction, of ex- 
citation. Besides, the inertia of the sett tends to magnify 
the effects of the initial beats, 

Tf while the force of the individual beats remains constant 
the frequency is increased or diminished—and vier versa, if 
while the frequency remains the same the force is increased or 
diminished—the pressure is proportionately increased or di- 
minished. This aaatly must be the case; but obviously it is 
quite posible that the beats might, while more frequent, so 
Tose in force, or while less frequent, 90 increase in foree, that 
no difference in the mean pressure should result. And this 
indeed ix not unfrequently the ease. So much 30, that varia- 
tions in the heart-beat must always be looked upon as a far 
Jess important factor of blood-pressure than the peripheral re- 
sistance. 


‘Thus when the heart's beat is quiekened by stimulation of the ac- 
celerator, no increase in the blood-pressure is observed. This, in 
the absence of any peripheral changes, must result from a propor- 
tionate diminution of the forve of the individual strokes. 


An increase in the quantity of blood ejected at each beat 
must necesarily augment,and a decrease diminish, the blood- 
pressure, other things remaining the same. But the quantity 
sent out at each beat, on the supposition that the ventricle 
always empties itself at each systole, will depend on the quantit 
entering into the ventricle during each diastole, and that will 
he determined by the circumstances not of the heart itself, but 
of some other part or parts of the body. 


Sec. 6. Canons uy tHe Catmmre or THE Mixurs 
Arrerre. Vaso-Moror Actions. 


‘The middle coast of all arteries contains circularly disposed 
plain muscular fibres. As the arteries become smaller the 
inuseular element beeomes more and more prominent as com- 
pared with the elastic element, until in the minute arteries, 
the middle coat consists entirely of a series of plain muscular 
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fibres wrapped round the elastic internal coat. Nerye-fibres 
belonging to the sympathetic system are distributed largely to 
hloodvessels, but their terminations have not as yet been 
oa rage out. By galvanie, or still better by mechanical, 
stimulation, this muse coat may, in the living artery, 
made to contract. During this contraction, which has the 
slow character belonging to the contractions of all plain mus- 
ele, the calibre of the vessel is diminished. 


trance into any given artery remaining the same, more blood 
will enter the artery when relaxation takes place, and conse- 
quently the resistance offered by the artery is lewened, and 


Jess when contraction occurs, and the resistance is consequently 
increased. The blood always flows in the direction of least 
Texistance, 


‘The small arteries freq manifest what may be called spon- 
faneons rariations in their calibre, and these variations are very 
to take on a distinctly rhythmical character, If a small artery in 
the web of the frog be carefully watehed, it will be seen from time 
to time to vary very consi ily in width, withont any obvi 
change taking place in the heart's beat, or any events occurring in 
the general vaso-motor system. Similar variations may be wit- 
need in the yeas of the mesentery of a mammal 

The most striking and most easily observed instance of rhythmical 
constriction and dilation is to be found in the median artery of the 
ear of the rabbit. If the ear be held up before the light it will be 
seen that at one moment the artery appears asa delicate, hard 
visible pale streak; the whole car being at the same time palli 
After awhile the artery slowly widens out, becomes thick and red, 

whole ear blushing, and many «mall yeasels previ invisible 
coming into view. Again the artery narrows and the blush fades 
away; and this may at somewhat irregular intervals 
several times a minute, The extent and eed of the rhythm 
are usually markedly increased if the rabbit be held up by the ears 
for a short time previous to the observation. If the sympathetic 
be severed, these rhythmic movements cease for a time; but in the 
course of = few days are re-established, even if the superior cervical 
gerpion beremoved. ‘Thus though normally dependent on the cen- 
nervous system (unless we suppose that the mere section of the 
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nerve is sufficient to create a shock lusting days) these rhythmic 
biovements can make their appearance independently of thatsystens. 
Some local mechanism is, therefore, snggested | and yet no gan- 

ghonic celt have been discovered, which, would serve ax sucl 
mechanism. “tie rhythmic variations in the ealibre of the arte~ 
been observed in several places, ex. gr., in the saphena 
‘the rabbit, in ec axils artery of the tortoise, and in the 
arteries of the muscles of the frog; probably they ure widely 
They may be compared with t 1¢ rhythmic movements. of 

veins in hat's wing and of the caudal vein of the eel. 


The extent and intensity of the constriction or dilation are 
found to vary very largely. Irregular variations of slight 
extent occur even when the animal is apparently subjected to 
no disturbing causes; while as the result of expel srimental in- 
terference the arteries may become cither constricted, in some 
cases almost to oblite ation, or dilated until they acquire double 
or more than double their normal diameter, This constric- 
tion or dilation may be by ugh about not only by treat 
ment applied directly to the but also by changes affecting 
ae Say of the leg. Thus section of the sciatic nerve is 

followed by a very marked dilation, while stimula- 
tion forces ¢ peripheral stump of the divided nerve by an inter- 
rupted current of moderate intensity, is followed by a constric- 
tion, often so great as almost to obliterate some of the minute 
arteries, 

‘The facts show that the contractile clements of the minute 
arteries of the web of the frog's foot are capable by contrac- 
tion or relaxation of causing constriction or dilation of the 
calibre of the arteries; and that this condition of constrio- 
tion or dilation may be brought about through the agency of 
nerves, 


These effects are not absolutely constant. Sometimes the dila- 
tion following ing pon section is ei led by a passing constriction, 
and sometimes the section is bllowed | by no distinet alteration in 
the calibre of the vessels of the web beyond perhaps an initial con 

Striction. Sometimes the constriction consequent on stimulation is 
followed by « dilation, which may or may not be marked. ‘The 
constriction of the arteries of the web as the result of nerve stimu- 
lation, is more certain when the small nerve supplying the foot is 
operated on than when the main trunk of the sciatic is stimulated 
high up. We shall, later on, disouxs the nature of these variations, 


Vaso-motor Nerves.—In warm-blooded animals, though we 
cannot readily, as in the frog, watch the circulation under the 
microscope, we haye ubundant evidence of the influence of the 

2 
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nervous system on the calibre af the arteries. Thus in the 
mammal, division of the cervical sympathetic on one side of 
the neck cnvses « dilation of the minute arteries of the head 
on the same side, shown by an increased supply of blood to 
the parts. If the experiment be performed on a rabbit, the 
effect on the circulation in the ear is very striking. The whole 
ear of the side operated on is much redder than normal, its 
arteries are obviously dilated, its veins unusually full, in- 
numerable minute vessels before invisible come into view, and 
the temperature may be more than a degree higher than on 
the other side. - a 

Division of the sciatic nerve in a mammal causes a similar 
dilation of the small arteries of the foot and leg. Where the 
condition of the circulation can be readily examined, as for 
instance in the hairless balls of the toes, especially when these 
are not pigmented, the vessels are seen to be dilated and in- 
jected, and a thermometer placed between the toes shows a rise 
of temperature amounting, it may be, to several degrees. 
Division of the brachial plexus produces a similar dilation of 
the bloodvessels of the front limb. Division of the splanchnic 
nerve produces a dilation of the bloodyeasels of the intestines 
and other abdominal yiseera. Division in the mammal of the 
lingual nerve on one side of the head causes a dilation of the 
vessels in the corresponding half of the tongue. A similar 
effect follows division of the hypoglossal ; and if both lingual 
and hypoglossal be severed the effect is still more marked. 

Division of a nerve supplying a muscle causes a large and 
sudden increase in the venous flow from the muscle, indicat- 
ing that the muscular arteries have become dilated; and in 
the frog this dilation, consequent on section of the nerve, may 
be actpally served by placing a thin muscle, such as the 
mylo-hyoid, under the microscope and watching the calibre of 
the small arteries and the circulation of the blood through 
them while the nerve is being cut. 

We find, in fact, that in almost all parts of the body certain 
“vascular areas” stand in such a relation to certain nerves 
that the division of one of these nerves causes a dilation of 
the minute arteries in, and consequently an increased supp! 
of blood to, a corresponding vascular area. We may 
of these nerves as “vaso-motor” nerves, or more correctly, 
since in the vast majority of cases the nerves in question have 
other functions than that of governing arteries, as containin, 
yaso-motor fibres, much in the same way a8 an ordinary spinal 
nerve is spoken of a9 containing sensory and motor fibres; and 
from what has been said above it is evident that these vaso-motor 
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fibres are found sometimes in sympathetic, sometimes in cere- 
bro-spinal nerves. 

Since division of a vas0-motor nerve, or nerve containing 
yaso-motor fibres, leads to the dilation of the arteries of its ap- 
propriate vascular area, it is obvious that previous to that 
division these arteries were in a state of permanent constric- 
tion, due to a permanent contraction of their muscular coats. 
‘This permanent constriction, which may vary considerably in 
degree (the dilating effects of section of the vaso-motor nerve 
correspondingly varying in amount), is spoken of as “tone,” 
“arterial tone.” Arteries in such a state of permanent con- 
striction as under ordinary circumstances is normal to arteries 
whose vaso-motor fibres have not been divided and which are 
otherwise in a normal condition, are said to “ possess tone.” 
When, as after division of the vaso-motor fibres, the constriction 
gives place to dilation the arteries are said to have “ lost tone,” 
and when, under various circumstances which we shall study 
hereafter, the constriction becomes greater than normal, their 
tone is said to be increased. 

A very little consideration will show that this arterial tone 

pret factor in the circulation. In the first 
place the whole flow of blood in the body is adapted to and 
governed by what we may call the general tone of the arteries 
of the body at large. In a normal condition of the body, if 
not all, at least the vast majority of the minute arteries of 
the ery are in a state of tonic, « «, of moderate, constric- 
tion, and it is the narrowing due to this constriction which 
forms a large item of that peripheral resistance which we 
have seen ees to be one of the two great factors of blood- 
pressure. The normal general blood-pressure, and therefore 
the normal flow of blood, is in fact dependent on the “general 
tone” of the minute arteries. In the second place, changes 
in focal tone, i.e, the tone of any particular vascular area, 
have vey decided effects on the circulation. These effects are 
both and general, as the following considerations will show. 

Let us suppose that the artery A is in a condition of nor- 
mal tone, is midway between extreme constriction and dila- 
tion. The flow through A is determined by the resistance in 
A and in the vascular tract which it supplies, in relation to 
the mean arterial pressure, which again is dependent on the 
way in which the heart is beating and on the peripheral ro- 
i of ali the small arteries and capillaries, A included. 

the heart and the rest of the arteries remain un- 
A be conatricted, the peripberal resistance in A will 
and this increase of resistance will lead to an increase 
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of the general arterial pressure. This increase of pressure will 
tend to cause the blood in the body at large to flow more 
rapidly from the arteries into the veins. The constriction of 

. hor will rent any increase of the flow through it, 
in fact will make the flow through it Jess than before. Hence 
the whole increase of discharge from the arterial into the 
venous system must take place through channels other than 
A. Thus as the result of the constriction of any artery there 
oceur, (1) diminished flow through the artery itself, (2) in- 
creased general arterial pressure, leading to (3) increased flow 
through the other arteries, If, on the other hand, A be dilated, 
while the heart and other arteries remain unchanged, the 
peripheral resistance in A is diminished. This leads to a low- 
ering of the general arterial pressure, which in turn causea 
the blood to flow less rapidly from the arteries into the veins. 
The dilation of A, however, permits, even with the lowered 

re, more blood to pass through it than before. Hence 
the diminished flow tells all the more on the rest of the arteries. 
‘Thus, as the result of the dilation of any artery, there occur 
(1) increased flow of blood through the artery itself, (2) di- 
minished general pressure, and (3) diminished flow through 
the other arteries. Where the artery thus constricted or di- 
lated is amail, the local effect, the diminution or increase of 
flow through iteelf, is much more marked than the general 
effects, the change in blood-pressure and the flow through 
other arteries. When, however, the area the arteries of which 
are aflected is large, the general effects are very striking. 
‘Thus if while a tracing of the blood-pressure ig being. taken 
by means of a manometer connected with the carotid Z 
the splanchnic nerves be divided, a conspicuous but ly 
fall of pressure is observed, very similar to that which ia seen 
in Fig. 79. The section of the splanchnic nerves causes the 
mesenteric and other abdominal arteries to dilate, and these 
being very numerous, a large amount of peripheral resistance 
is taken away, and the blood-presure falls accordingly; a 
large increase of flow into the portal veins takes place, and 
the supply of blood to the face, arms, and legs is proportion- 
ally diminished. It will be observed that the dilation of the 
arteries is not instantancous but somewhat gradual, the press- 
ure sinking not abruptly, but with a gentle curve. 

Arterial tone then, both general and local, is a powerful 
instrument for determining the flow of blood to the various 
Ai ae and tissues of the body, and thus becomes a means of 
indirectly influencing their functional activity. We should 

ingly expect to find that the yaso-motor nerves were 
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connected with, and arterial tone lated by, the central 
nervous system, in order that the calibre of the arteries of, 
and the eupply of blood sent to, this or that vascular area 
might be varied according to the varying necds of the econ- 
a And experiment proves this to be the cast, 

‘¢ stated section of the cervical sympathetic in the 
‘neck cnuses dilution or loss of tone in the bloodvessels of the 
head and face. This is true at whatever point of the course 
of the nerve from the uj to the lower cervical lion, 
both included, the section be made, No such dilation oF the 
vemels of the head and face takes place when the thoracic 
sympathetic chain is divided anywhere below the upper tho- 
racic ganglion ; but dilation does occur after division of certain 

the rami communioantes connecting the spinal cord with the 
cervical sympathetic through the lower cervical or upper tho- 
racic ganglion. Hence it is clear that the normal tone of the 
arteries of the head and face is maintained by influences 

whose exact nature we shall study presently) proceeding 
the central nervous system, passing through certain rami 
commitnicantes (the exact path being somewhat uncertain or 
possibly not constant) into the cervical sympathetic, and as 
vending to the head and face by that nerve. In other words, 
the vaso-motor fibres of the vessels of the head and face may 
be traced down the sympathetic to the lower cervical ganglion, 
and thence by rami commtnicantes into the spinal cord. 

Ina similar manner the vaso-motor fibres of the splanchnic 
nerves governing the mesenteric and other abdominal arteries 
can also be traced into the spinal cord, as may also those of 
the sciutic governing the bloodvessels of the hind limb and of 
the brachial nerves governing those of the fore limb. In fret 
all the vasomotor fibres (with certain special exceptions which 
will be discussed presently) may thus be traced into the spinal 
cord ; are all connected wi ¢ central nervous system, 

rd; they ‘all ed with th 1 sy 
‘There i+ at present some uncertainty in certain cases ax to the 
exact manner in which the fibres pass from the spinal cord to 
this or that nerve, as, for instance, along which nerve-roots the 
vasomotor fibres eventually joining the sciatic trunk run, 
whether they all pass on their way into the abdominal sym- 

or not, and the like; but these are questions which 
need not delay us now; in whichever way they may be settled, 
they do not alfeet the important fact that in some way or other 
all vaso-motor fibres spring from the central nervous system, 
and that (with certain special exceptions) what we have called 
the normal tone of the various vascular areas is maintained 


by influences proceeding from the central nervous system, 
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Far more important, however, than the maintenance of a 
normal tone which, indeed, might be st once and forever 
arranged for by the proper natural calibre of the clastic 
bloodvessels, is the power which the central nervous system 
possesses of varying the tone of this or that recs mp 
of arteries, of increasing it or of diminishing it, rprodeoity 
constriction or dilation in those arteries, and thas, as we have 
seen on p. 256, of effecting changes in general or local blood- 
pressure or in both, and consequently of determining » flow 
of blood in this or that direction, according to the needs of 
the economy. And the exercise of this carefully arranged 
mani ion of the muscular walls of the arteries may be 

forth in either direction, in the way of constriction or 
in the way of dilation (or of both at the same time, one in 
one area, and the other in others), by means of nervous im- 
pulses either originating in the central nervous system itself or 
started by afferent impulses passing up to the central nervous 
from some sentient surface. 

Blushing is a familiar instance of vascular dilation brought 
about by the action of the central nervous system. Nervous 
impulses started in some parts of the brain by an emotion 
produce certain changes in the central nervous system (the 
exact nature and locality of these changes we shall discuss 

tly) which have in turn an effect on the vaso-motor 
Tiree the cervical sympathetic almost exactly the same as 
that produced by section of the nerve. In consequence, the 
muscular walls of the arteries of the head and face relax, the 
arteries dilate, and the whole region becomes suffused. Some- 
times an emotion gives rise, not to blushing, but to the opposite, 
pallor. Ina great number of cases this has quite a itferent 
cause, being duc to a sudden diminution, or even tem 
arrest of the heart's beats; but in some cases it may occur 
without any change in the beat of the heart, and is then due 
to a condition the very converse of that of blushing, that is, 
to an increased arterin) constriction; and this increased con- 
striction, like the dilation of blushing, is effected through the 
ey of the central nervous system and the cervical sympa- 
thetic: These are familiar examples, but we have in abun- 


dance exact experimental evidence of the effect of afferent 
i in inducing through the central nervous system yaao- 
motor changes, and thus bringing about sometimes constriction, 
sometimes dilation, sometimes the two together. ‘The action 
of the so-called depressor nerve is a striking instance of reflex 
dilation, as it may be valled. 

If, while the pressure in an artery such as the carotid is 
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i i |, the di nerve, which is a branch of the 
bag res ab blade ten caren artery and sympathetic 
nerve (Fig. 75, n. dep.), be divided, and its central end (i. ¢., 
the one connected with the brain) be stimulated with the in- 
terrupted current, a gradual but marked fall of preasure in 
the carotid is observed, lasting, where the period of stimula- 
tion is short, some time after the removal of the stimulus (Fig. 
79). Since the beat of the heart is not markedly bbusaets 
the fall of pressure must be due to the diminution of peri 
eral resistance occasioned by the dilation of some arter! 
And there is evidence that the arteries thus dilated are chiefly, 


Pc. 7) 


to 
SIIIIIII AIA IIIS IAIN I IIL IA IIASA 


‘Tracing showing the Effect on Blood-pressure of Stimulating the Central End of the 
Depresor Nerve io the Rabbit. (To be read from right to left.) 


T indicates the rate at which the recording surface was travelling the Intervals 
marked correspond to seconds. C, the moment ax which the current was thrown into 
the merve. 0, the moment at which i¢ was sbut off. The effect is some time in devel- 
‘oping, and Lnits after the current that boen taken off. The larger undulations are the 
rosplrazocy curves; the palse-cecilistions are very onall 





if not exclusively, those arterics of the abdominal viscera which 
are governed by the splanchnic nerve, For if both the splanch- 
nic nerves are divided previous to the experiment, the fill of 
pressure when the depressor is stimulated is very small, in fact 
almost insignificant, The inference from this is clear; the 
afferent impulses passing along the depressor have vcted 
#ome part of the central nervous system that 
which, in & normal condition of things, passing along the 
ic nerves keep the minute arteries of the abdominal 
in « state of moderate tonic constriction, fail alto- 
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ther, and those arteries in consequence dilate just as they 
do when the splanchnic nerves are divided, the effect being 
possibly increased by the similar dilation of other smaller 
vascular areas. 

The condition of the splanchnic or other vascular areas may 
moreover be changed, and thus the oral blood-pressure 
modified, by afferent impulses passing along other nerves than 
the depressor, the modification taking on according to circum- 
stances the form cither of decrease or of increase. 

Thus, if in an animal placed under the influence of urari 
the central stump of the divided sciatic nerve be stimulated, 
an increase of blood-pressure, almost exactly the reverse of 
the decrease brought about by stimulating the depressor, is 
observed. The curve of the blood-pressure, after a latent 
period during which no changes are visible, rises steadily 
without any corresponding change in the heart's beat, reaches 
4 maximum, and after awhile slowly falls again, the fall some- 
times beginning to appear before the stimulus has been re- 
moved. There can be no doubt that the rise of pressure is 
due to the constriction of certain arteries; the arteries in 
question being those of the splanchnic ares certainly, and 
pessibly of other vascular areas as well. The effect is not 
confined to the sciatic; stimulation of any nerve containing 
afferent fibres will produce the same rise of pressure, and 80 
constant is the result that the experiment may be made use of 
a4 a method for determining the existence of afferent fibres in 
any given nerve and even the paths of centripetal impulses 
through the spinal cord. 

Tf, on the other hand, the animal be not under urari but 
chloral, instead of « rise of blood-pressure a full, quite similar 
to that caused by stimulating the depressor, is observed when 
an afferent nerve is stimulated. ‘The condition of the central 
neryous system seems to determine whether the reflex cffect 
on the vasomotor fibres is in the direetion of constriction 
leading to a rise, or of dilation leading to a fall of blood- 
pressure, 


The causes of the difference between chloral and_urari are not 
yet clearly worked ont, Variations in respiration will not explain 
it, Nor can the solution be found by supposing that in urari 
poitoning cerebral functions are active while in chloral poivoni 
Toy are in abeyance. If the brain be. removed without, much 
bleeding, eubeequent stimulation of a ventory nerve under urari still 
gives a niscof presure. If there he much bleeding, however, a fall 
as Witnestel. ‘This suggests the idea that after blecding and under 
chioral, the part of ihe central nervous system concerned in the 
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action, and serving a nervous centre, is enfechled or exhausted, and 

Speen ahs view x ssppgted be ibe fon, test toes 
is view is rt t 

stimulation under urari rg of the rise spears sooner the 

more often the stimulation is repeated, and that after many repeti 


tions the decline passes into a distinet full, and at last only a fall is 


In the instances just quoted, the effect of the stimulation of 
the afferent nerve may be spoken of as # general one; it is 
the general blood-pressure which is diminished or increased ; 
though in the ease of the depressor at all events it is chiefly 
i the splanchnic area that the constriction or dilation takes 

lace. 

‘There are, however, some remarkable cases where a local 
effect can be readily distinguished from the general effect, 
because the two are in opposite directions, Thus if ina rab- 
bit, under urari, the central stump of the auricularis magnus 
nerve or of the auricularis posterior be stimulated, the rise of 
general re which is caused by the stimulation of this as 
of any other afferent nerve, is accompanied by a dilation of 
the of the ear. That is to say, the afferent impulees 
passing along the auricular nerve while affecting the central 
nervous system in an ordinary way, 80 as to cause constriction 
of many of the arteries of the hody (but chiefly probably 
the splanchnic vessels), at the same time éo affect some particu- 
lar part more especially connected with the vaso-motor fibres 

ee artery of the ear, as to lead to the dilation of 
it veel 


According to Lovén,? to whom we are indebted for this obeerva- 
tions, the local dilation in the ear is preceded by an initial constrie- 
tion. A similar initial constriction has been witnessed in other 
cases of reflex dilation. = . fj 

ling to Heidenhain,” this experiment illustrates not so much 

the contrasts between Jocal and general effects as the difference of 

behavior between vessels supplying the skin and thare distributed to 

other tiasies; for he affirms that reflex vaso-motor action in respect 

to cxitaneous arteries is at all events when cauged by artificial stimu- 
always in the direction of dilation. 


So also in the game animal stimulation of branches of the 
tibial nerve causes dilation of the eaphens artery, together with 


1 Cf. Latechenberger and Deahna, Pflager’s Archiv, xii (1870), p. 


2 Ludwig's Arbeiten, 1866. 
* Of, Otroumolf, Phager’s Archiv, xil (1876), p. 219, 
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constriction of other arteries, as shown by the concomitant 
rise of pressure. And there are probably innumerable in- 
stances of the sume kind of action going on in the body 
during life, for it is evident that the increased flow of blood 
to the o1 which is the object of the local dilation, must be 
assisted if a general constriction is at the same time taking 
place in other ie deg 

The general effect may not always be obvious, may perhaps 
be often absent, 80 that the local ‘dilation or constriction, a3 
the case may be, is the only obvious result of the vaso-motor 
action. When the ear of the rabbit is gently tickled, the 
effect that is seen is a (ets of the ear, and though this 
may be in part due, as we shall see, to the action of a local 


mechanism, the case we have just cited shows that the central 
nervous system must be largely engaged. When the right 
hand is dipped in cold water, the temperature of the left hand 
falls, on account of a reflex constriction of the vessels of the 
skin of that hand caused by the stimulus applied to the other. 
Many more instances might be quoted, and we shall again 
and again come upon examples. The numerous pathological 


phenomena classed ‘under sympathetic action, such as the 
affection of one eye by disease ip the other, are probably in 
part at least the reaults of reflex vaso-motor action, 

We have said enough to show that the calibre of the small 
arteries, which by determining the peripheral resistance forms 
one important factor regulating the flow of blood, is subject 
to influences proceeding from all parte of the body, the in- 
fluences reaching the arteries in a reflex manner by means of 
the central nervous system, the afferent impulses being for the 
most part carried by ordinary sensory nerves, while the effer- 
ent impulses pass along special vaso-motor nerves, which, 
though the centre of the reflex action lies in the cerol 
spinal axis, have a great tendency to run in sympathetic 
‘tracts, 

The afferent impulses of course neod not start from the 
peripheral norve-endings. They may, for instance, arise in 
the brain, Thus, as we have seen, an emotion originating in 
the cerebrum may, by vaso-motor action, give rise cither to 
blushing or to pallor, Nay more, changes may be induced 
in the central nervous system itself without the need of any 
impulses reaching it from without, When we come to discuss 
the relations of respiration to the circulation, we shall see 
reason to think that the vaso-motor action of the central ner- 
‘vous system may be directly affected by the condition of the 
hlood passing through it, 20 that if the quantity of oxygen in 


= 
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the blood be reduced, a general arterial constriction takes 
cae rise of blood-pressure follows; while with a re- 
turn i 


Tt is more than probable that many substances introduced into 
the blood, or arising in the blood from natural or morbid changes, + 
may affect blood-pressure by acting directly on the nervous centres. 


many ways then, and to a varying degree and extent, 
ntral nervous system can bring about arterial constric- 


vent on 
the severance of the vasomotor fibres from the central ner- 
vous ial may be replaced, and not more than replaced, by 
rat a tone generated by the action of the stimulus on 


tie nerve: The most natural interpretation, 

of the yaso-motor action in this case is to suppose 

the normal tone of the arteriea of the face is maintained 
tonic” constrictive impulses of a certain intensity which 
from the central nervous system along the sympathetic, 
that the dilation of the same arteries is due simply to 
diminution or absence of these constrictive impulses, an 


equally valid. Stimulation of the splanchnic nerve causes 
constriction of the arteries governed by that nerve, apparently 
because the stimulation supplies artificially the constrictive 
impulses which, 0 long as the nerve is intact, pass down it 
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from the central nervous system, giving the requisite tone to 
its vascular area, and the loss of which by division of the 
nerve gives rise to dilation. So that were we to stop our 
inquiries at this point, our explanation of yaso-motor action 
would be very simple. We might speak of constrictive im- 
pulses as passing from the central nervous system to the 
various vascular areas, to such an extent a8 to constitute 
normal tone, but as being susceptible either of inhibition, 
complete or partial, thus leading to greater or lew arterial 
dilation, or of augmentation, thus leading to excessive con- 
striction. 

But this simple view appears insufficient when we push our 
studies further. 

In the first place, such a conception does not cover all the 
facts connected even with the two nerves just mentioned. 
For the dilation or loss of tone which follows upon section 
of the cervical sympathetic (and the same is true of the 
splanchnic) is not permanent; after awhile, it may be not 
until after several days, it may be sooner, the dilation dis- 
appears and the arteries regain their usual calibre. This re- 
covery is not due to any regeneration of vaso-motor fibres in 
the sympathetic, for it may be observed when the whole 
length of the nerve including the superior cervical ganglion 
is removed. When recovery of tone has thus taken place, 
dilation or increased constriction may be occasioned by local 
treatment; the ear may be made to blush or to pale by the 
application of heat or cold, by gentle stroking or rough 
handling and the like; but neither the one nor the other 
condition ean be brought about by the intervention of the 
central nervous system. From this it is clear that what we 
have spoken of as the tone of the vessels of the face, though 
influenced by and in a measure dependent on the central 
nervous system, is not simply the result of an effort of that 
system. ‘The muscular walls of the arterice are not mere pas- 
sive instruments worked by the cerebro-spinal axis through 
the cervical sympathetic; obviously they have an intrinsic 
tone of their own, dependent possibly on some local nervous 
mechanism, though in the ear at least nosuch mechanism hag 
yet been found; and it seems natural to suppose that when 
the central nervous system causes dilation or constriction of 
the vessels of the face, it makes use, in so doing, of this in- 
trinsic local tone. But if so, then the simple view entertained 
above, that arterial dilation and constriction are simply de- 
termined by the decrease or increase of tonic constrictive im- 
pulses ing directly from the central nervous system is not 
a complete representation of the facts. 
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In the second place, if we turn from the sympathetic or 
splanchnic to other nerves containing vaso-motor fibres, we 
meet with still greater difficulties. To take, for instance, a 
herve supplying a muscle, such as that going, in the frog, to 
thi oe muscle, Here, as in the cervical sympathetic, 
seetion of the nerve produces dilation, but that dilation is even 
more transient than in the case of the sympathetic; the ves- 
sels ily return to their former calibre. And then it is 
fonnd that stimulation of whatever strength of the peripheral 

rtion of the divided nerve brings about not constriction, 

wt dilation. A similar dilation is seen when the nerve of a 
mammalian musele is stimulated, and probably occurs in the 
case of all muscular nerves.’ So, also, with the lingual, sec- 
tion of which, as we have already stated, produces dilation of 
the vewels of the tongue; stimulation of the peripheral por- 
tion of the divided nerve gives rise to dilation, no constriction 
ever making its appearance. There are, therefore, in the body 
nerves, stimulation of which, as well as mere section, always 
brings about arterial dilation, 

‘There are other nerves in the body of a mixed character, 
intermediate between the cervical sympathetic on the one hand 
and the lingual or muscular nerves on the other, stimulation 
producing now constriction, now dilation. Such a nerve is 
the sciatic of a mammal. We have already seen that section 
of this nerve produces dilation of the vessels of the foot; but 
the dilation so caused after a few days disappears ; the foot on 
the side on which the nerve was divided becomes not only as 
cool and pale, but frequently cooler and paler than the foot on 
the sound side. If the peripheral portion of the divided nerve 
be stimulated with an interrupted current, immediately or 
very shortly after division, the dilation due to th i 
gives place to constriction ; the sciatic acts then quit 
cervical sympathetic, except, perhaps, that this arti 
striction cannot be maintained for so long a time, and is very 
apt to be followed by increased dilation. If, he the 
stimulation be deferred for some days, until the dilation 
given place toa returning constriction, the effect is not con- 
striction, but dilation; the nerve then acts like a muscular 
nerve, and not like the pervical sympathetic. In fact, by vari- 
ations in the attendant circumstances, and in the mode of stimu- 
lntion, into the details of which we cannot enter now, stimu- 
lation of the divided scintic may, at the will of the experimenter, 





! Gaskell, Journal Physiol., i (1878), p. 262. 
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be made to produce cither arterial dilation or arterial con- 
striction. 

Tn all the above cases section of the nerve produces dilation, 
whether the subsequent stimulation causes constriction or di- 
lation; the dilation after section may be sometimes not very 
marked, but is always present to some extent or other. But 
there are certain nerves section of which produces no marked 
changes in the vaseular areas to which tl ey are distributed, 
and yet stimulation of which brings about dilation often of an 
extreme character, A striking example of this is seen in the 
so-called nervi crigentes. The erection of the penis ix, putting 
aside the subsidiary action of muscular bands in restraining 
the outflow through the veins, chiefly due to the dilation of 
branches of the pudic arteries, whereby « large quantity of 
blood is discharged into the venous sinuses. Erection may in 
the be artifically produced by stimulating the peripheral 
ends of the divided nervi erigentes, which are branches from 
the first and second, and sometimes from the third, sacral nerve 
passing across the pelvis. On applying the interrupted cur- 
rent to the peripheral ends of these nerves the corpora caver- 


nosa at once become turgid. And yet simple section of these 
nervi erigentes will not in itself give rise to erection. 


According to Lovén' and Nicolski,* section of the pudie nerves 
causes a partial dilation of the vessels of the penis, under which 
circumstances Nheolski finds section of the nervi erigentes to produce: 
4 constriction, which also apnea even when the pudic nerves have 
not pi usly been divided, This result indicates the existence af 
toniv dilating impulses passing normally down the nervi crigentes, 
and normaly restrained by antagonistic constrictive impulses pane: 
ing along the pudic nerves. 


A similar case is presented by the submaxillary gland. Ag 
will be explained more in detail in treating of secretion, this 
gland is supplied by two nerves, by branches of the chorda 
tympani reaching it along its duct, and by branches of the 
cervical sympathetic Fanttings it along its arteries. Neither 
section of the chorda tympani nor section of the cervical sym- 
pathetic produces any very marked effect in the circulation of 
the gland. Yet stimulation of the former will bring about a 
most striking dilation, of the latter a no less striking constrie- 
tion, of the arteries of the gland. 

How can we construct a view of the action of yaso-motor 
nerves which will be consistent with all these various facts? 





Op, cit. * Hofmann 0. Schwalbe, Bericht. vi (1877), p. 79. 
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the first place, we must admit the existence of a local 
in the several yascular areas, independent of the central 
pas gd rep Tn such cases as the corpora cavernosa of the 
penis, the submaxillary gland, this independence is unmis- 
; in Coops tis cael not at Soe Baht seep perenle 
but, as we have ly urged, must be admitted even for these. 
In the second place, as is strikingly shown by the case of 
the neers gland, there are nerves which, since they 
always cause dilation, may be called vaso-dilator nerves, and 
nerves which, since they always cause constriction, may be 
waso-conatrictor nerves. Iexamples of the first are seen 
in the nervi erigentes, the chorda tympani, the nerves of mus- 
cles, ete.; of the second, in the cervical sympathetic, the 
splanchnic, ete. Or, to be more exact, we may say that the 
-yaso-motor fibres of the former are vaso-dilator; of the latter, 
vaso-constrictor. It will not escape notice that the vaso-dila- 
tor fibres run chiefly at least in the cerebrospinal, vaso-con- 
ctor in the sympathetic nerves. 

third place, the casex of the corpora cavernosa of the 
i the submaxillary gland su; the idea that dilation 
is the result of the complete eee loss of local tone, that 
in fact vaso-dlilators act by inhibiting, and vaso-constrictors 
iting, the activity of the mechanism (whatever it 

which gives rise to the local tone. 
he erection of the penis which follows stimulation of the 


nervi eri , and the injection of the submaxillary gland 
ich follows 


E 


stimulation of the chorda tympani, present a 
analogy to the inhibition of the heart by stimula- 
ie vague. Just as the rhythmic contraction of the 
ibre ix stopped by the vagus, so the tonic contraction 
the arterial fibre (and this tonic contraction is indeed at 
an obscure rhythmic contraction) is stopped by the 
or the nervi © tes. And it seems to be very natu- 
draw the conclusion that dilation is in all eases mere in- 
and constriction in all cases mere augmentation, of 
ic. But tempting ax this view is, and useful perhaps 

ing hypothesis, it must not be regarded 
ly proved. It is quite posible that dilation may be 
ht nbout in different ways in different cases; and so also 


pea 


1 "explanation of dation must of necemity re: 
main unsatisfactory until our information conce: the nature ot 
the local mechanism is increased. — aa 

Along the cours: both of the chorda tympani and nervi erigentes 
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numerous ganglion cells are distributed, and their presence gives 
additional point to the comparison of the local mechanism wit 

ares srt ae ey the heart, Biola ae a far- 
ther extended the of the nervi nites Wil inhibitory 
fibres of the poeumogastric, by showing that atropin the 
dilating fibres of the nervi erigentes, while muscarin produces erec- 
tion apparently by stimulating the local dilator mechanism. Still, 
atropin does not paralyze the dilator fibres of the chorda. 


Further, the occurrence of dilation after simple section of a 
nerve raises an interesting question. Do the arteries in auch 
case dilate because the very section of the nerve acts a3 a 
stimulus to vaso-dilator fibres, or because the local tone is in- 
sufficient to keep eee adequate arterial constriction unless 
it be supplemented by additional tonic impulses ing the 
local meehanism from the central nervous system, which sup- 
plement is lost by section of the nerve? Obviously, if mere 
section is « stimulus to vasoxlilator fibres of euch s potency as 
to give rise to # dilation lasting hours, or it may be days, all 
evidence of “tonic” impulses i ling from the central 
nervous system is done away with. We can then only speak 
of dilation and constriction as being the result of the action 
of vaso-dilator and vaso-constrictor fibres respectively, both 
worked in a reflex manner by the central nervous system. 
Into the discussion whether such an interpretation of the effects 
of simple section is justified by facts or not, and into the 
allied controversy concerning the reason why the vyaso-motor 
effects of stimulating the ailkrent fibres of the sciatic and 
other nerves vary 20 much under different circumstances, we 
cannot enter here. We must content ourselves with the gen- 
eral conclusion that though local tone may exist indepen- 
dently of the central nervous system, the condition of the vari- 
ous vascular areas, in the living body in a normal condition, 
is arranged and modified to meet passing or permanent needs, 
by the central nervous system through the agency of yaso- 
motor nerves, and that these vaso-motor nerves in some cnses, 
sinee they are used to give rise to dilation only, may be spoken 
of as vasodilator nerves, or as containing vaso-dil ena 
in other eases may similarly be called vaso-constrictor, and in 
yet a third class of cases be regarded as mixed in character, 
since according to circumstances they give rise oither to dila- 
tion or to constriction. 


‘There remains the important question, What part of the 
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central nervous system is it which intermediates as a nervous 
vaso-motor centre or centres either of purely reflex or of 
partly reflex and partly automatic action, between various 
afferent impulses and the efferent vas0-motor impulses leading 
either to dilation or constriction? 

We have seen (p. 260) that stimulation of the central stamp 
of the divided sciatic gives rise, in an animal under urari, to 
an increase of general blood-pressure, brought about chiefly, 
if not entirely, by an augmentation of constrictive impulses 
passing along the splanchnic nerves. This increase of blood- 
yeamere manifested, with (in satisfactory experiments) un- 

ini intensity, even when the whole of the brain, down 
toa certain limit in the medulla oblongata, has been removed, 
But if the removal be carried beyond this limit, or if a small 
area of the medulla oblongata lying above the calamus 
seriptorius be removed, the effect on the general blood-presa- 
ure of stimulating the central stump of the sciatic, we might 
add, of any other afferent nerve, is comparatively insignificant, 
Obviously this small portion of the medulla oblongata acts as 
@ vazo-motor centre, by the action of which ordinary afferent 
impulses coming from the sciatic or any other afferent nerve, 
are transformed into vaso-motor impulses of constrictive or, as - 
in the by of an animal der, ae oe p. 260), of dilating 
effect, Ld ony le anchnic nerves, 

‘The vaso-motor fibres of the aa sympathetic and of 
many other nerves may similarly be traced to this same region 
of the medulla oblongata. Whether all vaso-motor fibres are 
actually in connection with it is more than doubtful; but at 
all events the fibres passing to so many vascular areas, and 
those of such magnitude and importance, are by means of it 
brought into functional relations up with so many, if not all, 
of the afferent nerves of the body, that it may fairly be spoken 
of as the general yaso-motor centre. 


ikow" the Jower limit of this medullary vaso-motor 
eentre in the rabbit at a horizontal line drawn about 4 or 5 mm. 
above the point of the calamus scriptorius, and the upper limit at 
about 4 mm. higher up, ¢. «, about | or 2 mm. below the corpora 
quadrigemi: hen in carrying transverse sections of the brain 
successively lower and lower down, the upper limit was first reached, 
the first effects in the way of diminishing the rise of blood-pressure 
resulting from stimulation of the sciatic, were observed. carry- 
ing the sections still blower, the effects of the stimulation of the 
matic became Joss and less, until when the lower limit was reached 





* Ludwig's Arbeiten, 1871, p. 21. 
3 
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no effects at all were observed The centre is, according to him, 
bilateral, the halves being placed, not in the middle bine, bat more 
sideways and rather nearer the anterior than the posterior surface, 
"Dittmar, while confirming in general Owsjunnikow's. results, 
limits the nervous area thus capable of acting a8 8 reflex vaso-motor 
centre toa small prismatic space in the forward prionrssios of the 
iptaral columna alter they bere given off their Hbres to the decussat- 
ing pyrami This space is largely occupied by a mass of gray 
matter, called by Clarke the antero-lateral nucleus, containing large 
multipolar cells, and Lr Sere to the origin of the facial. Mieseher* 
had previously shown that the afferent impulses which affect the 
‘yaso-motor centre ran in the lateral columns, 


Whether this medullary yaso-motor centre has any distinct 
automatic action, whether it may be regarded ss continually 
generating out of its own molecular oscillations, and dischang- 
ing along the vaso-motor fibres, impulses whereby the general 
arterial tone is maintained, is a question which, like the allied 
question mooted on p. 265, need not be discussed here, Grant- 
ing even the existence of such automatic functions, they must 
be of secondary importance. ¢ have already urged, the 
great use of the whole vaso-motor system is not to maintain a 

meral arterial tone, but to modify, pecording to the needs of 
the coonomy, the condition of this or that yascular area, 

Besides this general vasomotor centre in the medulla, other 
paris of the spinal cord are capable of acting as vaso-motor 
centres, i. ¢., of transforming afferent impulses into efferent 
vasomotor impulses of dilation or constriction, Thus, when 
in the dog the spinal cord is divided in the dorsal region, the 
vascular areas of the hinder part of the body, after a temporary 
dilation (which may be due in part at least to their severance 
from the medullary yaso-motor centre, but which probably ia 
rather to be attributed to the shock of the operation on the 
lumbar cord and the nervous mechanisms connected with it), 
regain their tone; and then the tone of one or other of these 
areas may be modified in the direction certainly of dilation, 
and possibly, but this is by no means 90 certain, of constriction 
by aiferent impulses reaching the.lumbar cord. Erection of 

penis through the nervi crigentes may be brought about 
by suitable stimulation of sensory surfaces, and dilation of 
various vessels of the limbs readily produced by stinrulation 
of the central stump of one or another nerve.” 

And what is true of the lumbar, is apparently true also of 
the doreal cord, and, indeed, of all parts of the spinal curd: 
Interlaced with the reflex and other mechanisms for the con- 


¥Ladwig's Arbeiten, 1878, p. 108. * Tbid., 1800, p. 173, 
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capacious vascular area 

because in addition it 

i in power over the minor 

centres in the « acca, Bi, A Noster 

eee rticular part of the medulla oblongata Pee 
ot above. Through itan through them, the delicate machin 

of the circulation, which determines the blood-supply, peng 80 

the activity of each tissue and organ, is able to respond by 

narrowing or widening arterics to the ever-varying demands, 

ae bee compensating changes the shocks and strains 


Vaso-constrictor and Vaso-dilator Nerves—The problems 
connected with this topic may profitably be studied wi three 


1. Is dilation merely behest pet of the diminution, partial 

or complete, of what we central tonicity, * ¢, of con- 

strictive impalses proceeding pe fide the céatral nervous system, or 
it occur as tha dirvet reealt of the stimulation of dilator fibres? 

jere 14 no difficulty in answering this question in favor of the 

view. In stich cases as those of the chorda tympani and 

nervi brings abet 3 atinmlation of the peripheral portion of the nerve 

& dilation far exceeding that resulting from simple 

rl is ean by some investigators | that the dilatation of 

by amyl nitrite is dae, in part at least, to a 

sinvlittion of dilstor fibres or of the peripheral dilating mechanism 


Cel va 
Jbyinger,' reviving and extending a very old experi- 
muene of Schnee tbat when an auinal, «ivan, a maven fa 
3 heated chamber till the feet become red from dilation of the blood- 
verels, division of the sciatic nerve causes the foot of the same side 
& Denese ler. Similarly if the sciatic on one side, say the 
divide ya left foot in consequence becoming warmer an 
then exposed to heat, not only does the 
ee Bactese ferdier Tutt the left foot (in consequence of the 
Lcarrent being diverted to other parts) even paler than before, 
80 that the difference in respect to dilation in favor of the right foot 
becomes very Le ae ag oa to omy we) infloenee of the heat on 
the central bervous systeui ch the ayency of yaso-motor 
nerves a dilation greater ae «Hees whic’ results from the mere loss 
1 PAagor's Archiv, xiy (J877), 30 
3 Miah. d, Naturforsch Geliseh. “in Bern., 1856, p. 69. 
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of central tonicity throngh severnnce of the periphern) vessels from 
the central neryous system. 


2. The more difficult question then arises: Is the dilation which 
follows section of a nerve always due to the section acting as a 
stimulus to dilator fibres, or may it in some cases at least have its 
origin in a loss of central tonicity, or may it in still a third class of 
cases be brought about by both causes combined? 

Goltz! was led to insist on the view that dilation Bionay aem 
is the result of the stimulation of dilator fibres, from the tt 
Geperiteanh.. Tha wiatio.af a dog in divided and carefblty replaced 
in the wound. In the course of a few days, when the vascular tone 
of the foot bas been regained, the nerve ia again laid bare, anda 
eut made in the peripberal stump ; forthwith the vessels of the foot 
dilate and if the nerve be crimped by a series of cuts carried sue- 

ively downwards, 2 marked dilation of the bloodvessels and 
rise of temperature in the foot, is observed. The question why dila- 
tion only results under these circumstances, whereas when the nerve 
is in the first instance divided a passing constriction followed by the 
more lasting dilation is observed, is answered by the hypothesis that. 
the constrictor fibres, which are present in the nerve, together with 
the dilator fibres, degenerate rapidly, so that at the time the crimp- 
ing produces dilation, the latter fibres only are in functional activity, 
This experiment undoubtedly shows that the effects of mere section 
in the way of # stimulus must not be underrated; but is not valid 
a8 ab argument against the view that dilation may be the result of 
mere lows of central tonicity. For besides the fact that the dilation 
which follows upon crimping is far more wient than the initial 
dilation which results from the primary ion of the nerve, see- 
tion of an undoubted dilator nerve such as the chorda Sennen does 
not produce anything more than the wants and briefest, dilation, 
and even that sometimes is absent." Moreover if mere section were 
£0 powerful a stimulus to dilator fibres, it ought, unless the contrary 
can be shown, to act similarly as a stimulus to constrictor fibres when 
these are in functional activity ; and indeed such an effect on eon- 
strictor fibres may be supposed to be indicated by the initial con- 
striction which sometimes may be seen to precede the dilation fol- 
lowing on section of the sciatic, Bat in a section of n purely 
constrictive nerve, like the cervical sympathetic, the initial constric- 
tion, which is somectimes but not, always scen to precede the more 
lasting dilation, is of the slightest kind. 

We must therefore conclude that. the dilation which follows sec 
tion of the nerve is due largely, and probably in some cases exclu- 
sively, to actual lows of central tonicity. 


3. The third question su is, What is the nature and mode 
of action of vaso-dilator and vaso-constrictor fibres remnestinelyy 
Aro they separate and distinct fibres, with altogether different mech- 





1 Piiger'e Archiv, ix (1874), p. 1745 xi (1875), pote. 
* Kendall and Luchsinger, Pédger's Archiv, xift (1876), p. 197. 
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pentyl 
bea divs 


el deamon aor 
imulus is very strong 
be followed dilation, bat thts 
‘exhaustion.* = 





? Kendall and Luchsinger, op. elt 
op. cit, 


if this smaller branch in the horse are 
Béved to then of aimulating the aciatic trunk in ouber animale for 

je dilation spoken of above has been repeatedly observed without 
any previous consriction, aven when the state of the vest was 


inspection of the unpigmented feet, and not morely inferred 
peppell, Seeparatare, ? ‘ 
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juces dilation, though constriction may be brought about 
the electrodes directly to the muscle,* 
facts are compatible with the hypothesis that while the 
cervical sympathetic contains only constrictor and the chorda tym- 
Feo! only dilator fibres, the sciatic nerves contain both kinds of 
ibres, the constrictor fibres being less irritable, and degenerating 
sooner, the dilating effects in consequence appearing as degeneration 
veotting io aod whon the sthnulos used is too weak to excite the 
constrictor fibres, But Burnstein’® finds that the transition from 
constriction may be effected without any change in the nerve-trank 
itwelf. Itis simply sufficient in the case of the ic of the 

to reduce the temperature of the foot by plunging it into a col 
bath, in order that stimulation of even the just divided sciatic, 
whether by rhythmical induction-shocks, or by the interrapted eur: 
rent, or by crimping, may bring about dilation. And Lepine* had 
previously arrived at a similar conclasion with regard to the sciatic 
of the frog. From this we may infer that the same fibre may net 
tardilator br conutsistor aocording to the condaton of che fered 
mechanism ; at all events these results throw ¢ doubt on the 
necessity of supposing the existence of two kinds of fibres, More- 
aver were the two kinds of fibres distinct we should expect to find 
them running, in some part of their course at least, in different 
tracts; but this has notas yet been observed, as will appear from the 


te paragraph. 


ph 

The Course of Vaso-Motor Fibres.—Schiff* concluded that the 
yaso-motor fibres for the front and hind limbs pussed partly directly 
from the cord through the anterior roots of the nerves forming the 
sciatic and brachial plexuses respectively, and partly indirectly 
from the anterior roots of the last three or five doral nerves to the 
abdominal sympathetic and thus to the trunk of the sciatic, and 
from the anterior roots of the 3d, 4th, Sth, or sometimes 6th de 
nerves to the thoracic sympathetic, and thence hy the stellate or 
first thoracic ganglion to the brachial plexus. Schiff made no dis 
tinetion between the paths of constrictor and dilator fibres; he 
supposed the fibres of direct origin to supply the lower parts, those 
of indirect origin the upper and mididle parts, of the respective 
limbs Bernard,’ on the contrary, found that all the fibres for both 
limbs took the indirect course through the sympathetic. And gub- 
sequent observers have supported now one, now the other view. 
E. Cyon’ in respect to the fore limb (the fibres running in a single 
nerve passing from the thoracic chain to the el ip and 
Ostroumoff’ in respect to the hind limb, support Bernard; while 


} Gaskell, Journ, Anat. Phys, xi (1877), p. 720. 

2 Pildger's Archiv, xv (1877), p. 674. 

* Compt. Rend, Soc. Biol,, March 4th, 1876. 

+ Comptes Rendus, 1862, Hi, p. 400, p. 425, and previously, Unter 
such. x. Physiol. d. Nerven-Syetem, 1855. 

‘Comptes Rendus, 1862, ii, p. 228, p. 805, 

§ Ladwig’s Arbelioa, 1888, p. 62. 

T Piliiger's Archiv, xii (1876), p. 219. 
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Luchsinger and Puelna' agree with Schiff in so far that some of 
the fibres fesse frou the con! through the proper anterior roots of 
the nerve. Heidenhain and Gaskell’ find that the vaso-motor 
nerves of the cle of oe phe te ike aoe in Mr Pete 
ti apparently not 5 All these 
Sree aikee bal artes exit lave Sansing ix thera 
tract, or at least. make no difference between them. ‘The evidence, 


or very alight when the medullary vaso-motor has been removed, 
does not apply in certain conditions, Thus in strychnized animals, 
such a rise when an afferent nerve is stimulated is quite distinct.* A 
rise of pressure is similarly observed, in the absence of the medulla, 
as woonsequence df dyxpnia.” and as the direct result, without any 
concomitant stimulation of afferent nerves, of poisoning by: picro- 
toxin," and by antiarin,” and by strychnia,” [Schlesinger's ex- 
periments strongly indicate that the rise of pressure caused by 
strychnia is dae to a paralysis of vaso-tniibitory centres.) It is 
at all events, that in these cases the rise in blood-pressure 

ts due to constrictive impulses passing down the splanchnic nerves. 
Tf'so, then the vaso-motor mechanian of the l cond would 

1 Palaiger, xviii (1878), p. 499. * Journ. Physiol., i (1878), p. 262, 

> Wien. to ela Ixxiv (July, 1876). 

* Archives dé Physiolog., iii (1876), p. 852. 

* Ibid., ¥ (1978), p. 86. 

*Pitiiger, Allg. Mod. Contrat Zeitung, Jahrg., xxiv, "No. 6870. 
Nawbaum, Paiger’s Archir, x (1875), p. 874. 

T Comptes Rendus, 1842, ii, Ret 

* Of. Lister, Phil’ Trans, . ii, p. 607; Nussbaum, Paiger’s 
Arohiv, x (1875), 

* Schiesi 


inger, 


r, op. cit. 
jen. Sitzungsberichte, Ixxv, March, 1877; Schroff, 


Wien. Med. Jabeh., 1874, p. 258. 
1 Stricker, op. cit. 
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bear to the ordinary reflex mechanisms by which the skeletal m) 
les ie eee ot a the additional analogy, the paths along wl 
afferent or central origin ise as efferent i 
the condition of the cord and theo 
sania disturbances.? 


The Fffects of Local Vascular Constriction or Dilation. 


Whatever be determined ultimatel, Mis to be the modus 
andi of vaso-motor mechanisms, the following fundamental frets 
remain of prime importance. 

‘The tone of any given vascular area may be altered, posi- 
tively in the direction of augmentation (constriction ), Or nega~ 


tively in the way of inhibition (dilation), quite Peo 
rep att is Lage belts in other areas. ‘The change may be brow 


ade by ) sents Jaco to the spot itself, and scl ae 
direetly on some lo hanism, or indirectly Sty 

tion through the eeacalocn central nervous system ; by stimuli 

applied to some other sentient surface, ‘and acting by reflex 

action through the central nervous system ; (3) an 

(chemical, blood stimuli) acting directly on the cent 

system. 


The effects of local dilation are Ipcal and general. 

Local Effects of Dilation —The arteries in the area bein, 
dilated, offer less resistance than before to the passage of blood. 
Consequently, more blood than usual passes pi a! nea 
filling up the capillaries and distendi: oe veing. 
the diminution of the resistance, the fa! pressure in 
from the arteries to the veins will be hap tat than eal 3 
that in the small arteries themselves will be lowered, that in 
the corresponding veins heightened. The lowering of the 
pressure in the arteries means that their elastic eoats are not 
put to the stretch as much as usual é,¢., their elasticity is not 
ealled into play to the same extent as before. Now, as has 
been seen, every portion of the arterial wall has its share in 


+ Cf, Heidenbain, Plger’s Archiv, xiv (1877), p. 518. 
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destroying the par by converting the intermittent into a con- 
tinuous flow. Hence, the dil arteries, their elasticity not 
being called into play so much as before, will not contribute 
their usual share towards destroying the pulsations which reach 
them at the cardiac side. Tho pulsations will travel through 
them los than before, and may, in certain cases, pass 
right on into the veins. This is frequently seen in. the sub- 
maxillary when the chorda tympani is stimulated, 
‘The channels being wider, resistance being loss, and the force 
of the heart behind remaining the same, more blood than be- 
fore pases through the area in a given time; or, put differently, 
the same ey ck blood passes through the area in a shorter 
time, The blood, consequently, ms it into the veins is 
less changed than in the normal condition of the area. Usu- 
ally the flow is s0 mpid that the oxy-hwmoglobin of the cor- 
puseles is deoxidized toa much less extent than usual, and the 
venous blood still possesses an arterial hue. On the other 
hand, since more blood ina given time, there is an op- 


nity for an increase in the total interchange between the 
Hood and the tissue, Thus the total work pay be greater, 


though the sharo borne by each quantity of blood is less. 


General Effects of Dilation —Supposing that the total quan- 
tity of blood issuing from the ventricle remains the same, that 
is to say, supposing that the quantity of blood put into cireu- 
lation is constant, the surplus passing through the dilated area 
must be taken away from the rest of the circulation, Conse 
quently the fulness of the dilated area will lead to an empty- 

of the other areas, This is seen very clearly when the 
dilated area is a capacious one, At the same time, local dila- 
tion causes a local diminution of peripheral resistance. This 
in tirn canses a lowering of the general arterial pressure; to 
this we have already called attention. 


‘The effects of local constriction, similarly local and general, 
are naturally the reverse of those of dilation. 

In the vascular area directly affected, less blood passes 
through the capillaries in a given time, and in consequence 
Jess total intere! between the blood and the tissues takes 
place, th each unit volume of blood which does pass 
through is more deeply affected. ‘The blood-pressure in the 
corresponding arteries is increased, and, if the area bo large, 
the in even distant arteries may be heightened. 

to indicate results in a general manner, local dilation 
24 
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encourages a copious flow of blood through the area where the 
dilation is taking place, and, by reducing the blood-pressure, 
hinders the flow of blood into other areas, Local constriction, 
on the other hand, lessens the flow of blood in the particular 
area, and by heightening the blood-pressure tends to throw 
the mass of the blood on to other areas, Hence the great 
regulative value of the vaeo-motor system. By augmenting 
or inhibitory influences (constrictor or dilating) applied either 
to peripheral mechanisms or to cerebrospinal centres, and 
called forth by stimuli either intrinsic and acting through the 
blood, or extrinsic and acting through nervous tracts, the 
supply of blood to this or that organ of tissue may be inerensed 
or reduced; the surplus or deficit being carried away to, or 
brought up from, either the rest of the body generally, or some 
other special organ or tissue, 


Src. 6. Canoes oy THe Cartttary Disrarcrs. 


Possessing no muscular element in their texture, the cap- 
ilaries, unlike the arteries, are subject to no active change of 
calibre. They are expanded when a lange supply of blood 
reaches them through the eupplying arteries, and, by virtue 
of their elasticity, shrink again when the supply is lessened or 
withdrawn; in both these events their share is a passive one. 


Te is true that certain active changes of form, duc to movements in 
the protoplasm of their walls, have been described ; but the effects 
of any such changes, even if common, must be quite subordinate. 


Nevertheless the capillaries do possess active properties of « 
certain kind, which cavse them to play an important part in 
the work of the circulation. They are concerned in maintain- 
ing the vital equilibrium which exists between the intra- 
yascular blood and the extra-vascular tissue, an equilibrium 
which is the central fuct of a normal interchange between the 
blood and. the tisue, and thus of a normal life of the tissue, 
The existence of this equilibriam is best shown when it is 
overthrown, as in the condition known as inflammation. 

If an irritant, such as silver nitrate, or mustard, ete., be 
es to asmal) portion of a frog’s web or a frog’s tongue, 
inflammation is set up over a circumscribed area. In. this 
urea the following changes may be successively observed under 
the microssope, The first effect that is noticed is a dilation 
of the arteries, accompanied by « quickening of the stream. 
The capillaries become filled with corpuscles, and many pas 
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ages ly invisible, or nearly 20 on account of their 
les, come into view. The yeins at the 


rather blush: th 1 infin oy When 
a blush than actual inflammation. 
the =the td is stronger, the quickening of the stream 
gives way to a slackening; this is not due to any returni 
constriction of the arteries, for they still continue dilated: 
‘The capillaries and veins get more and more crowded with 
the stream becomes slower und slower, until at last 
the movement of the blood in the now distinctly inflamed area 
ceases her, The phase of accelerated flow has given 
place to stasis. The capillaries, veins, and small arteries are 
choked with corpuscles, and it may now be remarked that the 
red corpuscles seem to run together, so that their outlines are 
no longer distinguishable; they appear to have become fused 
into a yellow homogeneous mass. The large number of white 
in the capillaries and veins is also a conspicuous 
feature. This stasis, this arrest of the current, is not due to 
any lessening of the heart's beat; the arterial pulsations, or at 
Teast. the arterial flow, may be seen to be continued down to 
the inflamed ares, and there to cease yery suddenly. It is not 
due to any increase of peripheral resistance caused by con- 
striction of the small arteries, for these continue dilated rather 
than constricted, It must therefore be due to some new and 


it 
‘The cause of the resistance must, therefore, lie in the eapil- 
walls, or in the tissue surrounding them; or, to speak, 
more correctly, it depends on a disturbance of the 
relations which in n healthy area subsist between the blood 
in the capillaries on the one hand, and the capillary walls, 
with the tissue of which they are » part, other, After 
stasis has continued for some time, the tissue outside the cap- 


. illary wall is seen to become crowded with white corpuscles, 
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and in the tissue outside the veins are seen not only white, but 
also red corpuscles. There can be no doubt that these have 
passed through the capillary and venous walls; they may, in- 
eed, be seen in transit, but the mechanism of their passage 
is not exactly known. We have no clear proof that any dis- 
tinct pores do exist in the vaseular walls; and it seems prob- 
able that in the protoplasmic tissue, which constitutes these 
walls, a temporary breach made by the passage of a corpuscle 
may be immediately and completely obliterated, just asa body 
may be thrust through a film such as that of a soap-bubble, 
yet leave the film apparently entire, the internal eohesion 

of the film at once repairing the breach. 

E in cases where the stimulus produces permanent 
mischief, the inflammation after awhile subsides. The outlines 
of the corpuscles become once more distinet ; those on the 
venous side of the block gradually drop away in the neigh- 
boring currents; little by little the whole obstruction is re- 
moved; the current through the area is re-established ; and, 
though the arteries and capillaries remain dilated for some 
considerable time, they eventually return to their normal ¢cal- 
ibre. Thus it is evident that the peripheral resistance in the 
eapillaries (and consequently all that depends on peripheral 
resistance) is not merely a matter of the mechanical friction of 
the blood against the smooth walls of the bloodvessels, but is 
concerned with the vital condition of the tissues, When the 
tissue is in health, a certain resistance is offered to the passage 
of blood through the capillaries, and the whole vascular mech- 
anism is adapted to overcome this resistance to such an extent 
that a norma! circulation can take place. When the tiswe 
becomes inflamed, the disturbance of the equilibrium between 
the tissue and the blood so augments the resistance that the 

ure of the blood becomes difficult or impossible, And it 
Is quite open to us to suppose that there are conditions the re 
verse of inflammation, in which the resistance may be lowered 
below the normal, and the circulation in the area quickened, 


Sach a diminution of peripheral resistance may. possibly in. part 
explain the remarkable quickening of the flow of blood, which ix 
seen in uy tissue afler a lemporary interruption of the stream, and 


ih is als» witnossed nthe eats of an artiiil stream, kept tp 
in an organ, such as the liver or kidney, removed from the body, 
Mosso," bs f the Plethysmograph," determined that the 
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amount of resistance offered to the artificial flow of blood through 

an excised eit depends upon the gases present in the blood 
, the resistance being greater in proportion to the 

amount of acid, irrespective of the quantity of oxygen. 


Thus the vital condition of the tissue becomes # factor in 
the maintenance of the circulation, 


Tt is, Ht hardly necessary to observe that the considerations 
al are quite distinct from what is sometimes spoken of 
the name of “capillary '' foree ax an agent of the circulation. 

If, by capillary forve, intended to refer to the rive of fluids in 
ae tubes, it is evident that since such phenomena are the ne- 
its of adhesion, espallarty can only be a greater or less hindrance 
to the flow of blood, seeing that this ix propelled by a force (the 
in proved by experiment to be equul to 
task of driving the blood from ventricle to auricle through the 
capillary regions. If by capillary force it is meant that the tissues 
have some vital power of withdrawing the parts of the blood 
from the sual arteries, and thus of assisting an onward flow, it ber 
comes. also to assume that hey hare as well the power of 
returning the flax parts to the veins. Both these assumptions are 
unnecessary and without foundation, 


See. 7. Coances tx THe Quantiry or Broop. 


Tn an artificial scheme changes in the total quantity of fluid 
circulation will have an immediate and direct effect on the 


pressure will be raised 

in proportion only so long as the elastic walls of the arterial 
tubes are able to exert their elasticity. 

In the natural circulation, the direct results of change of 

‘ity are obscured by compensatory arrangements. Thus 

experiment shows’ that when an animal with normal blood- 





|. Of Mosso, “Sopra un nuovo metodo per scrivere movi- 
meati dei vasi sanguignl poll’ womo," Atti d. Real, Accad, d. Sei. d. 
Morino, vol. xi; FrangoisFranck, Marey’s Travaux du Laborat., 
PAN Aint the earlier memoir of Fick, Watersuch. Zirich, Physi 


ip. 61. : 
a Miler, Lodwig's Arteiten, 1878, p. 150. Lesser, ihid., 


1 Wor 
1874, py 





282 THE VASCULAR MECHANISM. 


pressure is bled from one carotid, the pressure in the other 
carotid sinks so long as the bleeding is going on (this, of 
course, not 60 much fom joss of blood! as fe diminution of 
peripheral resistance in the open artery), and remains de- 
pressed for a brief period after the bleeding bas ceased. Tn 
a short time, however, it ins or nearly ins the normal 
height. This recovery of blood-pressure, after 
is witnessed until the loss of blood amounts to about 3 per 
cent. of the body-weight. Beyond that, a large and frequently 
a sudden dangerous permanent depression is observed. 

The restoration of the pressure after the ccssation of the 
bleeding is too rapid to permit us to suppose that the quantity 
of fuid in the ico eet is raed! by the withdrawal of 


lymph from the extra-vascular elements of the tissues. In 
all probability the result is gained by an increased action of 
the vaso-motor nerves, increasing the peripheral resistance, 
the vaso-motor centres being thrown into increased action by 
the diminution of their blood-supply. When the loss of bl 

n¢ beyond a certain limit, this vaso-motor action ix in- 
sufficient to compensate the diminished quantity (possibly the 


vaso-motor centres in part become exhausted), and a consider- 
able depression takes place; but at this epoch the loss of blood 
uently causes anemic convulsions. 

Similarly when an additional quantity of blood is injected 
into the vessels, no marked increase of blood-pressure is ob- 
served so long as the vaso-motor centre in the medulla oblon- 
gata is intact. If, however, the cervical spinal cond be divided 

ious to the injection, the pressure, which, on account of 
the removal of the medullary vas0-motor centre, is very low, 
is permanently raised by the injection of blood. At each in- 
jection the pressure rises, falls somewhat afterwards, but event- 
ually remains ata higher level than before. This rise continues 
until the amount of blood in the vesels above the normal 
cone reaches from 2 to 3 per cent. of the body-weight, 

eyond this point there ix no further rise of pressure, 

‘These facts show, in the first place, that when the volume 
of the blood is increased, compensation is effected by a lessen- 
ing of the peripheral resistance by means of a diminished 
action of the vaso-motor centres, so that the normal blood- 
pressire remains constant. They further show that a much 
spate quantity of blood can be lodged in the bloodveasels 

an is normally present in them, That the additional quan- 
tity injected docs remain in the vessels is proved by the abwence 
of extravasations, and of any considerable increase of the 
extra-vascular lymphatic fluids. It has already beon insisted 
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that blood-pressure cannot be lower 
unless the quantity removed be dangerously la 
ondly, that there is no 


The Mutual Relations and the Co-ordination of the Vascular 
Factors, 


‘The foregoing considerations show how complicated and 
sensitive, and, theectone, how useful is the vascular mechan- 
ism. It may be worth while briefly to summarize the relae 
tions of the different factors, and to point out the manner in 
Maw they are made to work in harmony for the good of the 


Two facts stand out prominent above all others: (1) The 
heart's beat may be made slow by vagus inhibition, and prob- 
ably quickened by withdrawal of the constant inhibitory influ- 
ence exercised by the cardio-inhibitory centre in the medulla. 
(2) The prripheral resistance may be diminished by dimin- 
ished mela (dilating action) of the yaso-motor centres, and 
increased by increased action (constricting action) of the same 


gi Meineel 


versely, if pe 
al ble 
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balcony ae medulla, Lean inhibitory iepseee conceal me 
vagus, lucing a less uent pulse, tone down 
distension of "i Saad fee - 

The more we ‘learn of the working of the body, the more 
aware we become of the fact that it is crowded with a 
tive and compensating arrangements no less striking ex 
quisite than the two we haye just deseribed. Some of these 
will be seen in the following almost tabular statement of the 
various modifications of the vascular factors, and of their 


causes. 

A. The beat of the heart is affected 

1. By the amount of distension of the ventricular cavities 
preceding the systole. This will depend on 

a. The quantity of blood pomek into the ventricular eay- 
ities during the diastole. This in turn is determined by the 
flow of blood aeengt the veins, the flow itself being influ- 
enced by the arterial pressure, respiratory movements, ete. 

6. The force of the auricular contractions.’ 

¢ The amount of resistance which has to be overcome by 
the systole, This is determined by the mean arterial pressure, 
and is influenced by everything which influences that. 

2. By the quantity of the blood passing through the coro- 
nary arteries. In the frog the thin walls of the auricle and 
the spongy texture of the ventricle permit the nourishment 
of the cardiac substance to be carried on by direct contact 
with the blood in the cavities. In mammals this mode of 
nutrition must be insignificant. In them the condition of the 
cardiac muscles and nervous appendages depends almost ex- 
clusively on the blood distributed by the coronary arteries, 
Putting aside the vaso-motor supply of the coronary arteries, 
of which we know nothing, we may say that the amount so 
sent will depend on the arterial pressure in the aorta, 


Tf the blood-carrent through the muscles of the heart be inter- 
mittent, instead of constant as in other muscles, the beat of the 
heart must be itself self‘regulative, and the whole matter becomes 
very complicated.” 


8. By the quality of the blood Dossing through the coro- 
nary arteries, and acting upon simply the muscular tissues, or 
upon the various nervous mechanisms, or upon both, ‘This is 
well iHustrated by the action of poisons (see pp. 235 and 241). 
‘The quantitative relations of the normal and presence of ab- 





£06 Roy, Journ. Physiol,, # (1878), p. 452, 
#Cf, Garrod, Journ, Anat. and Phys., vii, p. 219, viii, p, 64. 
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normal constituents must of necessity profoundly affect the 
4. Th igh the inhibi fibres of thi 
. Throng; e inhibitory fibres of the vagus. 

a. By the blood directly stimulating [or depressing] the 
endings of the vagus fibres. This is only seen in the case of 
poisons ‘pp. 240 and 241), 

6. By blood [or poisons, p. 241) directly affecting the 
eardio-inhibitory centre in the medulla oblongata, either posi- 
tively by oy page) the normal inhibitory influences and so 
slowing the heart, or negatively by depressing those influences 
and so quickening the heart. 

¢ By reflex stimulation of the same centre. Cases of exal- 
tation through reflex stimulation have already been quoted. 
Instances of depression leading to quickening of the heart's 
beat are not so clear.' The afferent impulses may be started 
in any part of the body; but, as we have seen, there seems to 
be a special connection between this centre and the alimentary 


5. By the accelerator nerves [as is seen in the action of poi- 
sons, p. 246). We have, however, at present, no evidence of 
the natural activity of this nerve. 

B. The peripheral resistance is affected 

1. By the vital, i.¢., the nutritive condition of the tissue of 
the part. This is again influenced by 

a. The quality (and quantity?) of the blood brought to it, 

4. Through the agency of the nervous system, as in cases of 
inflammation caused by nervous influences, 

points are very obscure. 

2. By the varying ealibre (constriction, dilation) of the 
minute arteries, brought about 

a. By the blood or other stimulus [or poisons, p. 275] acting 
directly on the peripheral vaso-motor mechanism. 

4. By the blood [or poisons, p. 275] acting directly on the 
vaso-motor centres in the central nervous system. 

¢. By retlex stimulation of the vaso-motor centres. 

d. It is more than probable that the peripheral resistance, 
i.e, the amount of constriction of the minute arteries, is di- 
rectly dependent on the blood-pressure itself. In common 
with all muscles, the contraction of the circular muscles of 
the arteries will be greater when. the resistance is greater, 
ie. when the distension of the vessels is greater. That is to 
say, other things being equal, with an increase of preesure, 
due for instance to an increase of heart-beat, the distension #0 

¥ [The Irritable heart of soldiers is supposed to bo due to a depres- 
sion of those nerves.) 
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caused will be more than counterbalanced by the increased 
contraction of the muscular fibre, and thus the pressure still 
further increased. This, of course, will take place within 
certain limits only? 

Through these intricate ties it comes to that an event 
which takes place in one part of the body ts felt, toa greater 
or less extent, by all parts. To take a simple instance; a 
change in the condition of the skin at any one spot, such as 
that produced by the application of cold or heat, may lead 

a, By direct local action to a constriction or dilation of the 
vessels of the part, giving rise to loeal pallor or suffusion. 

&. By reflex action through the central nervous system, to 
an increase of the same local effects, and in addition to # change 
in the calibre ofthe bloodvessels in other parts. This distant 
reflex change may be of the same or the opposite nature as 
the local change. 

y. By reflex action to « quickening or slowing of the heart's 
beat, though the heart is in this respect less intimately con- 
neeted with the skin than with other parts. 

‘Out of these primary effects there may arise secondary effects; 
the constriction or dilation produced locally will effect the gen- 
eral blood-pressure, which in turn will produce all its effects. 

‘The modifications of the heart-beat will not only affect the 
general blood-pressure, but in a reflex manner may affect the 

ripheral resistance, and hence the flow of blood in partieu- 

areas (¢.g., thesplanchnic area). The modifications of the 
flow through the area directly, and also through those sec- 
ondarily affected, will influence the temperature and chemical 
changes of the blood, and those again will produce their effects 
everywhere. And so on. 

On the other hand, the turbulence which would be the 
natural outcome of all these events is softened down, by the 
compensating effects of which we have spoken, into the smooth- 
ness which we call health. Still the greatness of the possibili- 
ties of change which lie jen in the body are clearly cnough 
shown by the violence of disease, when compensation fails of 
accomplishment. 


The proofs of the circulation brought forward by Harvey (1628) 
required for their completion an explanation of the manner in which 
the blood passed from the small arteries to the small veins, For 
this the use of the microscope was necessary Malpighi (1661) 
was the first to demonstrate the capillary circulation. Lenwenhoek 
afterwards (1674) more fully deseribed age of blood chrough 





TOF. Lalchenbergor and Deuhoa, Plager’s Archiv, xii (1870), p. 167. 
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the capillaries as seen in the web of the frog's foot, in the fin of the 
fish's tail, and in other transparent structares, 

Observations on Dish peaeers were first made by Dr. Stephen 
Hales,’ who inserted a tall tube into the crural artery of a mare, and 

the height (more than eight feet) to which the column of 

tose, He thus used not.a mercury, nor a water, but a blood 

manometer. Poiseuille* introduced the mercury manometer, and 

to him we are indebted for our knowledge of the fundamental La 

ciples of the subject. The elaborate treatise of Volkmann* helped 

to formalate our knowledge; and we are indebted to Ludwig for 
of our present methods of investigation. 

Claade Bernard* was the first to observe that section of the cervi- 
cal sympathetic on one side of the neck was followed by a rise of 
tem re and dilation of the bloodvesels of the sume side of the 
by Brown-Séquard in the same year was apparently the first 
to observe that stimulation of the Le itech ion of the divided 
sympathetic brought about a return of the pallor and a full of tem- 
peratare; he clearly recognized that the effeots of the section of the 
| lap were the results of a parle of the bloodyessels. 

ernard himself, somewhat later," observed the effects of galvanic 
stimulation of the divided nerve, though he scems not to have ob- 
tained so distinct a grasp of the matter as did A. Waller,* who in 


February, 185%, Um Agee pre the vaso-motorial functions of 


the cervical aym) the relation of these functions to the 
action of the safae nerve on the iris, ‘These discoveries formed the 
beginning of our knowledge of the vaso-motor nerves. Among the 
numerous investigations whieh have sines been carried on, none can 
be considered more important than those for which we are indebted 
to Ladwig and bis papils, 





4 Statical Essays, rol. fl (1782). 

* Rech. ¢. 1. Causes da Mouvement da Sang, 1831, 

* Himedynamik, 1850. 

+ Comptes Rendas, xxxiv (1852), p. 472. 

4 Philadelphia Medical Examiner, Aug. 1862, p. 489, quoted in Ex~ 
imental hes applied to Physiology und Pathology, New 
‘ork, 1853, ie 

© Comptes Rendus de In Société de Biologie Nov., 1852, 

TComptes Rondat, xxxvi (1863), p. 878. 
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THE TISSUES OF CHEMICAL ACTION WITH 


THEIR RESPECTIVE MECHANISMS. 
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CHAPTER IL 


(THE EPITHELIA. 


Tue epithelia are found in the body as single or multiple 
layers of nucleated protoplasmic cells. They have a lanze 
area of distribution in the economy, and play a very im- 
portant part in many of the vital processes. These cells are 


Fos. $9.—Pragment of Epithelium from a Serous Membrane (peritoneum); magnified 
ALO Gamerers. 4, cell; 4, nucleus: ¢, mucteol —Mance, 

Fie. 1.—Epitheliam Beales from the Loside of the Mouth ; magnified 260 diameters, 
Hone. 


more or lesa modified in form and structure in the different 
epithelia, and ao differentiated in their “ amebiform units” as 
to Sig very diverse functions. 
ey have been divided into four principal varieties, dis- 
{ 280) 
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tinguished by certain characteristic appearances of the cells, 
They are generally known as pavement, tessellated or squa- 
mous; columnar or cylindrical; ciliated ; and spheroidal epithelin. 

Pavement, teseellated or equemous epithelium is found widely 


Fra. 


Cylindrical Epithelium from Intestinal Villas of a Rabbit; magnified 990 diameters 
Afier Kovac. 


distributed, forming the epidermal covering, the lining of the 
bloodvessels, serous sues, many of the mucous membranes, 
ete. This form of epithelium consists of irregular, polygonal 


ic. &. 


Ciliated Epitheliues feoo Teaches (magnitied:, a, bassmen membrane: 4, ¢, d, celle 
in the several stagex of developrnent, asad which will ultimately be fully developed 
ciliated celts, and take the place of the textured ones which will be throws off; ¢, 
shows fuby developed cats 


flattened cells, which are aii ag or more or les merged 


into each other at their edges. (Figs 80 and 81.) 

Coltemnar or cylindrical epithelium (Fig, 82) is found in 
the form of elongated cylindrical cells, which are more or less 
angular on their sides from mutual compress they are 
placed parallel with each other, and yertically on the base- 
ment membrane. ‘This form of epithelium is found princi- 
pally os a lining of the mucous membrane of the gastro-intes- 
tinal, tract, and of many of the ducts, 
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asareyre (Fig. 83) usually is found in a form 
“rm jumnar variety. ‘These cells have 

Soeting tite tae Soaentconti very numerous hair-like 

Hee ntti Af these cells are examined with « microscope 
during life or immediately after death, the cilia will be seen 
to be in a state of constant yibratile motion. This form of 
epithelium is found in the greater portion of the respiratory 


a, in the Fall Sa 
Spheroidal or file Ruch epithelium is in the form 


of somewhat glo! calls, which are more or 

angular on their sides, from compression of adjoining cells. 

oon is eitelam is found ly in the secretory portions 

poe ero and in many, if not in all of them, forms the 
constituent, 

the rt bar of these dfiferent epithelia are as diverse a3 
are their forms and structures. Pavement epithelium is s0 
distributed that its use often appears to be of 1 mere mechasri- 
eal or phyrien! character. Thus in the skin it consists of numer- 
ous “Soareg pe of sn which “ae a hy joe or less 
impermeable layer, which protects the true skin from effects 
of friction, and at the same time protects the body from over- 
Joss of water by evaporation. ‘The horns of animals, the 
nails and hairs, are all modifications of this form of epithe- 
lium, In the bloodvessels it forms a smooth lining membrane 
and seems to be endowed with a vital property in preventing 
an intravascular coagulation oft the blood, Tn the capillaries 
it also plays a very important part in the interchange of the 

and exeretive materials which are conveyed in the 
blood. In both the systemic and poe capillaries it is an 
active agent in the interchan, and is therefore « 
respiratory tissue. Tn the bladd er, J vere its form is somewhat 
modified, it forms a membrane which prevents the re-absorp- 
tion of urine, 

peers epithelia, such as the spheroidal, are principally secre 

ive, and possess the power of selecting certain elements from 

fel blood, and by a process of metabolism convert them into 

now substances. In certain glands theae cells themselves un- 

certain motamorphoses and are elaborated ax elements 

of the secretion. The function of this epithelium in some of 

is exerctory. The spheroidal and columnar varieties 
are the ae secretory epithelia, 

A is the principal function of others. The intes- 
tinal villi, which are covered with a layer of columnar epi- 
thelial wai are intimately connected with the function of 
absorption, It is through these cells that the chyle passes to 





EPITHELIUM. 


reach the lacteals, and through which other isaac of diges- 
tion pass to reach the intestinal capillaries of the portal vein. 
‘The cells in this position are somewhat modified by possessi 

a striated outer surface (Fig. 84). The striw were su 

by some physiologists to be minute canals which lead into the 


Pia M, 


eb wb «€ 

Sectlen of 2 Villus from the Intestine of a Rabbit. Above {a)is the central canal 
‘bounded on either side by the matrix (4), which again Is covered by long columnar cells 
{e), containing 4 nucleus and gramiles. ‘The osner surtace of these cells is seem w be 
striaced, 


intracellular protoplasm. ‘These cells during fasting contain 
clear granular protoplasm, but daring digestion they are seen 
to contain very numerous fat-globules. They will be referred 
to more fully hereafter. 

‘The ciliated epithelia possess a special function by virtue of 
their ciliary appendages, In the respiratory tract they assist 
in the expulsion of mucus and foreign bodies, also in the ex- 
piration of air, In the Fallopian tubes they are probably 
active agents in propelling the ovule along the interior of the 
tubes to the uterme cavity. 

The epithelia have no bloodvessels, and must therefore ob- 
tain their nutriment by diffusion from the adjoining tissues. 

After epithelium are matured, and no longer capacitated 

the ce of their proper functions, they are cast 
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off and replaced by cells which are produced beneath. (See 
Fig. 88] 


THE TISSUES AND MECHANISMS OF DIGESTION. 


The food, in ing along the alimentary canal, is subjected 
to the action of certain juices which are the products of the 
secretory activity of the epithelium cells of the alimentary 
mucous tembrane itself, or of the glands which belong to it. 
These juices (viz, saliva, gastric juice, hile, ereatic ji 
mcs Leaiguind and the baal mae args pyrene 

oured upon and mingling wi . luce in it suc! 
oa at, from being largely insoluble, i teorses largely 
soluble, or otherwise modify it in such a way that the larger 
part of what is eaten pases into the blood, either directly 
means of the capillaries of the alimentary canal, or indirectly 
by means of the lacteal system, while the smaller part is dis- 


o aged as excrement. 

We have, therefore, to consider: Ist, the properties of the 
various juices, and the changes they bring about in the food 
eaten; 2d, the nature of the ged by means of which the 
yarious epithelium cells of the various glands and various 
tracts of the canal are able to manufacture so many various 
juices out of the common source, the blood, and the manner 
in which the secretory activity of the cells is regulated and 
subjected to the needs of the economy ; he mechanisms, 
here as elsewhere, chiefly of a muscular nature, by which the 
food ia passed along the canal, and most efficiently brought in 
contact with successive juices ; and 4th and Jastly, the means 
hy which the nutritious digested material is separated from 
eee or excremental material, and absorbed into the 


Sec. 1, Tae Properties or tHe Digestive Juices. 
[Physiological Anatomy of the Salivary Glands. 


The saliva is a compound 


The fourth set comprises the simple folli 
are ‘numerous and found in the buccal mucous 
The larger salivary glands are composed of lobee, 
subdivided into lobules, The lobules are composed of smaller 
vesicular divisions, which are termed the alveoli. The clustered 
% 





appearance of the alveoli, 

somewhat the form of a 

termed racemose glinds, (Fig. 85.) 

of a delicate bavement membrane, lined by spheroidal epi- 


Fun. 85. 


Lobnule of Parctid Gland of a Newborn Infant, injected with Mercury, (Magnified.) 


theliam, which is the proper secretory portion of the organ. 
‘These cells contain non-granular protoplasm, with an eccentric 
nucleus In some of the alveoli granular protoplasmic cells, 


Fin, 88. 


Shmaxiilary gland ofa deg. a, mucom cells: 4, protoplasmic celle: ¢, demtluee 
odie; @, tramevene sectlon of an excretory det, wi 1s peculiar columnar epithelial 
cee, 


with centric nuclei are found, (Pig, 86.) Within the alveolar 
vesicles containing the spheroidal cells there are frequently 
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found halfmoon-shaped cells which are called demilune cells. 
‘These are hegre hapten aay heroidal cells, ae 
are supposed to young spheroidal cells in rapid growth, 
which will replace the old cells when they pane matured, 
The alveoli of a lobule empty their secretion by a common 
duct, which by uniting with the ducts from other lobules 
forms the common duct or ducts of the gland. These duets 
are all lined by columnar epithelium. e sublingual gland 
has multiple ducts, The parotid and submaxillary glands 
each have a single duct. 


nerves between the mlivary celle; 8, termization of the serve in the icles ; of 
‘8 gangtion coll with a sativary cell: 5, varicove were flies catering the cylindricat cell 
of the excretory ducts. 


‘The alveoli are surrounded by dense Ibo of capillaries, 


in the meshes of which arise the lymphatics. The substance 
of the gland is elcsely bound together by a fibro-areolar tissue. 
The mode by which the nerves terminate in these glands is as 
yet undetermined. Pflliger believes that the medulla of the 
nerve penetrates the cells and unites with the nucleus (Fig. 
87, 1 and 2); that others (4) (probably from the «ympathetic 
sytem) terminate in multipolar ganglion cells, which send 
into the nuclei of the gland cell ; other nerves 

5) terminate in an expanded extremity, which he considers an 
ermediate organ ; others (5) terminate in the columnar cells 
lining the ducts. Whether these supposed, terminations of 


—— 
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the nerves are the real ones or not is still a question involved 
in much doubt.) 


Saliva. 


Mixed saliva, a8 it appears in the mouth, is a thick, glairy, 
enerally frothy and turbid fluid. Under the microscope it 
geen to contain, beside the molecular debris of food (and 
frequently cryptogamic spores), epithelium scales, mucus-eor- 
puscles and granules, and the so-called salivary corpuscles, 
(Fig. 88.) Its reaction in a healthy subject is alkaline, e- 


[Pic 88, 


Salivary corpuscles, epithelial scales and granules.) 


pecially when the secretion is abundant. When the saliva is 
scanty, or when the subject suffers from dyspepsia, the reac- 
tion of the mouth may be acid. Saliva contains but little 
solid matter, on an av probably about 0.6 per cent., the 
specific gravity varying from 1.002 to 1,006. Of these solids, 
rather less than half, about 0.2 per cent., are salts (including 
a small quantity of potassium sulphocyanide). ° 


[Analysis of Human Saliva, 


Water, . 
Epithelium, — : 
Soluble organie matter, 


Sodium, calcium, and magnesium ‘phos- 
phates, . oe ae mage 

Potnasinny horde, } 

Sodium chloride, ‘ 

Potassium sulphocyaniile, . 


1.88) 


‘The organic bodies which can be recognized in it are chiefly 
mucin, with small quantities of globulin and serum-albumin, 

‘The chief purpose served by the saliva in digestion is to 
moisten the food, and to assist in mastication and deglutition. 
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Tn some animals this is its only function. In other animals 
and in man it has a specific solvent action on some of the 
food-stuffs. Such minerals as are soluble in slightly alkaline 
fluids ecm by it, On fata it has no save that 
of ga ed ble emulsion. On proteids it has also 
no neti its characteristic property is that of converting 
starch into sugar (grape-sugar, glucose, dextrose). 


Action of Saliva on Starch—If to a py etna! boiled 
stareh, which has been ascertained to 
small “quantity of saliva be added, it will be rie'feied aber « a 
time that the whole of the ea * cone The having 
me epee by a suas The abe 
gives any blue color id Ginn but when boiled 
with ‘ehling’s uid (cupric sul disolved in an excess 
of a concentrated solution of sodium or potassium dadeatse 
gives # copious red or yellow [salmon color] sigetey cue 
prous oxide, [It also well to note, when adding 
4 solution suspected of containing engar, to add only s oak 
to give a distinct blue tinge; otherwise, if the quantity of 
sugar be very small, the color of the deposit may entirely 
eo ee by deep b geet of the liquid, Pat fodine be added 
to the mixture in the early stages of the action of the saliva, 
a red or violet color fod or less obaeured by the blue) will 
be observed, This indicates the presence of dartrin, which, 
at u later stage, like the starch itself, disappears In fact, 
the saliva cither converts the starch into dextrin and then 
Se ae first splits the starch into dextrin and sugar, 
dextrin into sugar. The esence of 
mmr the assumption of a molecule of water. Thus 
starch, O,, or more probably 


(Dentin) 


(Grape-sugar.) 
CHO, + 3H,0 = C.H,,0, + 2(C)H0,) + 2H,0 = 3(C,H,,0,). 


While boiled starch is ee converted into ugar with con- 
siderable 3 poate tebe starch also pees fore te suune chai 

though mi a junntity of raw starch be suspended in 

water ao eal saliva be adled, water will after a time be found to 





*[ (1) Dissolve 8.66 grams. of pure crystallized cupric sulphate In 
90 ee ittics wake: aise ichoias 
1 bimclve 48 grams. of pure crystallized potassic-sodic tartrate in 
18 grams. of sodic hydrate, ap. gr. 1.12. 
add together, and add sufficient distilled water to make one~ 


a litre 
Mbasotation spoils by koeping, and should be frequently made fresh.) 
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in"sugar. If the water be replaced i timo, the 
starch will gradually disappear, until « remnant is left which gives 
cages eget previously added. The 
‘starch: consists glee 
ing a blue color with iodine om the addition 
enone eon 


Spiainlocs a bods whieh he he calls ¢ 
not » blue color with iodine, not usual 
fi on —_ erythrogranulose 


walose is 
pe-suarar’, Tot not wo ror as aloes. Briicke 
dextrin resulting from pireled om of starch axa 
mixture of erythrodactrin siving a a red color with iodine achroodex- 
trin which is ob exlared at eee ‘The former is readily converted 


ayiaad the ater with 
ant dca eal He'S al: go Vout a Sad originally Containing 


starch, after it has been acted ‘upon by saliva until vata gives no 
longer either a blue or red eolor, way still contain a consider 
quantity of dextrin in the form of trin. ~When ss is 
acted upon by dilute acids, the carrion into dextrin is 
php aubeerasie ot manic Beret & ca past Kank whieh, i Riewies 
trin, forms a jution with water, unlike ‘trim, gives a 
blue color with iodine. deol eae oh sie ead 
is, moreover, some doul Lefaepot as 
the action of the saliva on rye ix all, or, |, even in part 
era ¢ or dextrose, According to oF ees pale and ¥. Renan 
ucts are a small ot of true grape-sugar, a large 
Soya gg peep rate Career as my 
tein Mion, whi is anne iplin be eae 
by the action of diastase on starch, is a sugar with stronger rotary 
power, but beh dee peprn power than dextrose; it may be con- 
verted into dextrose by the action of dilute aci Other 
vers’ also affirm tat rolueed by the action of saliva ix 
not oped that it is It 





a 
, 11 (1879), p. 403. * See Appendix. 
rohiv, xiv (1877), » 473, Seogen, ibid, xix 


(1879), p. 108, 





SALIVA. 299 


‘The conversion of starch into sugar, or the amylolytic ac- 
tion of saliva, will go on at the o se tage eget ened 
atmosphere. The lower the temperature he slower the change, 
and at about 0° C. the conversion is indefinitely ipeleret 
After ex; re to cold of even as much as some degrees be- 
Jow 0°, when the temperature is again raised the action re- 
commences. Increase of temperature up to about 35°—40°, 
or even higher, favors the change. Beyond 60° or 70° in- 
crease of temperature is injurious, and saliva which has been 
boiled for a few minutes not only has no action on starch 
while at that temperature, but does not regain its on 
cooling. By being boiled, the amylolytic activity of saliva is 


permanently destroyed. 
‘The action of saliva on starch is favored by a slightly 
alkaline medium. It will, however, still go on even in the 
resence of a small quantity of free acid. Increase of’ acid- 
ity, however, checks it. ‘Thus, in a mixture containing .1 per 
cent. of free hydrochloric acid, the conversion of starch is 
arrested. After a short exposure to a dilute acid, saliva will 


in ite ers On neutralization. Its activity is, however, 
prauectly destroyed by ap exposure to weak, or by 
shorter expasure to strong, acids, Strong alkalies also de- 
it. 

action of saliva is hampered by the concentrated pres- 
ence of the product of its own action, that is, of sugar. If « 
emall quantity of saliva be added to a thick mass of boiled 
starch, the action will after awhile slacken, and eventually 
come to almost a standstill long before all the starch has been 
converted. On diluting the mixture with water, the action 
will recommence. If the products of action be removed ag 
soon as they are formed, a smal! quantity of saliva will, if 
sufficient time be allowed, convert into sugar a very large, one 
might almost say an indefinite, quantity of starch. 


It is at present uncertain whether the constituent of the saliva, 
on which its activity depends, is at all consumed in its action. 
Paschutin' argues that it is; but other observers have come to a 
contrary conclusion. 


‘On what constituent do the amylolytic virtues of saliva de- 
al? 

relive, filtered und thus freed from mucus and the formed 

constituents, be treated with ten or fifteen times its bulk of 


+ Centrbt. £ Med. Wissen., 1871. 
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alcohol, a precipitate containing all the proteid matters takes 
place. Upon standing under alcohol for some time (sew- 
eral days or, better, weeks), the proteids thus precipitated be- 
come lated and insoluble in water. Hence, an aqueous 
extract of the precipitate, made after this interval, contains 
little or no proteid material. Yet it is as active, or almost a8 
active, as the original saliva (the solution being brought to 
the same bulk as the saliva). If the precipitate be treated 
with concentrated glycerin, very little passes inte solution. 
Nevertheless, the aie diluted with water is found to be 
highly amylolytic. Now we cannot say that even this small 
quantity of matter which is thus eoluble in glycerin is entirel 
composed of the really active constituents; it may be, am 
probably is, a mixture of this with other bodies. An amylolytic 
solution, free from proteid matter, may also be bs 
Briicke’s method for isolating pepein (see p. 312); but thiy 
also probably contains other bodies besides the really active 
constituent; whatever the active substance be in itself, it exists 
in such extremely small quantities that it has never yet been 
satisfactorily isolated ; and indeed, the only evidence we have 
of its existence is the manifestation of its peculiar powers. 

‘The salient features of this body, which we may call ptyalin, 
are then Ist, its presence in minute and almost inappreciable 
quantity ; 2d, the close dependence of its activity on 
ture; 3d, its permanent and total destruction by « high tem- 
perature and by chemical reagents such as strong acids; 4th, 
the want of any clear proof that it itself undergoes any ch 
during the manifestation of its powers; that is to say, the 
energy necessary for the transformation which it effects does 
not cone out of iteelf. If it is at all used up in its action, the 
Joss is rather that of simple wear and tear of a machine than 
that of a substance expended to do work; Sth, the action 
which it induces is of such a kind (splitting up of a molecule 
with assumption of water) as is effected by the agents called 
catalytic, and by that particular class of catalytic agents called 
hydrolytic. 

These features mark out the amylolytic active body of saliva 
as belonging to the class of ferments ;’ and we may henoefor- 
ward speak of the amylolytic ferment of saliva, 





2 Ferments may, for the prevent nt lens be divided into two clase, 
commonly calted organized and unorganized, Of the former, yeast 


may be taken us & well-known example, The fermentative uctivit 


of yeast which Sends to the conversion of sagar into alcohol is de. 
poridont on the life of the yeast-coll. Unless the yeast-coll be livin 
nnd functional, fermentation does not tako pluce ; when the yenst-cell 
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Mixed saliva, whose properties we have just discussed, is 

reeult of the mingling in various proportions of saliva from 
< eirarcam es and sublingual glands with the so- 
the buecal glands. 


ie as obtained by introducing a canola into the rein 
nonian duct, ‘and liny pds not viseid ; the reaction of the first 
drope secreted er ae 


comes turbid from C 
of carbonic acid, 


as obtained by introducing a cannula into the 
fs from parotid saliva in being more alkaline 
“i vieraginl’ mucus, more viscid; it contains, often in 


zing iva ‘and amorphous masses of proteid 
a efor tinea pha 


leas viscid, contains loss 


‘The action of saliva varies in intensity in different animals. 


Thus in man, the eit ony the guinea-pig, and the rat, both parotid 
and submaxillary and saliva are amylolytic; the submaxillary 
saliva (or nia at sae being in most cases more active than 
the portend In the rabbit the pohomsilecy 4 saliva is said to have 

action, while that of the parotid is energetic. In the 

Sealine fa lis toat oe sores eecesasliney eal aia 

slic Ahavex aight eft ony tha airs of the ext more ative 

Tn the horse, sheep, and ox the aniylolytic 

mane ial atred tuixed saliva, or of any one of the constituent 
niees, are feoble, 


Where the saliva of aay gland i is active, an aqueous infu- 





Hea fermentation ceasea; and no substance obtained from yeast, by 
precipitation with alcohol or otherwise, will give ries to aloubolic ‘er. 
mentation. ‘The salivary ferment belongs to tho Inticr class; it is a 
substance, nol a pre o tee lke yeast, 
1 Astuschews! fed Wiss, 1878, p. 257. 
+ Gratener, ‘Ned Archiv, xvi, 1877, p. 106. 
26 
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sion of the same gland is also active. The importance and 
bearing of this statement will be seen later on. From the 
aqueots infusion of the gland, as from saliva itself, the for- 
ment may be approximately isolated. 


Tn some cases at east « ferment may be extracted from the gland 
even when the secretion is itself inactive. 


The readiest method indeed of preparing from the gland a 
highly amylolytic liquid as free as possible from proteid and 
thar impurities, is to mince the gland finely, dehydrate it by 
allowing it to stand under absolute alcohol for some days, and 
then, hnying poured off most of the alcohol, and removed the 
remainder by evaporation at a low temperature, to cover the 
pices of gland with strong glycerin, A mere drop of such a 
glycerin extract rapidly converts starch into grape-sugar. 


[Physiological Anatomy of the Mucous Membrane of the 
Stomach, 


The mucous membrane of the stomach ix soft and velvety, 


erous longitudinal folds, which are termed rage. If the sur 
face be examined with the aid of # lens, numerous vaseular 
ridges or processes will be seen, at the bases of which are 
numbers of minute openings, which are the orifices of the 

ic follicles or glands (Vig. 89). If a vertical section be 
made of the membrane (Fig. 90), it will be seen to consist of 
tubuli closely arranged side by side, and resting upon a sub- 
mucous fibrous tissue which contains a layer of unstriated 
muscular fibres, called the muscularis mucow. These muscular 
fibres are entirely distinct from the muscles forming the sto- 
machal walls. The tubuli or gastric glands form the greater 
portion of the thickness of the mucous membrane, and aceord- 
ing to Sappey, number about five millions. They are bound 
together by an adenoid tissue and surrounded by plexuses of 
capillaries. The nerves are derived from the pneumogastric 
and sympathetic. 

‘The gastric glands consist of two principal kinds: the aetd 
and peptic. ‘The acid glands (Figs. $1 and 92) are distributed 
over nearly the whole area of the mucous membrane; but 
near the pylorus are absent. They consist of a trank with its 
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branching divisions and terminal canals, or cwea, The trunk 
at the superficial extremity has an open orifice on the surface 
of the membrane, at the other extremity it terminates in two 
or more branching divisions; these divisions are again subdi- 
vided into small canals, which are the cwca. The canals are 
lined by a wall of small epithelium cells. Surrounding this 
wall is » compact layer of x spheroidal or ovoidal nucle- 
ated granular protoplastnic cells, Thee glands are probably 
the ones which expecially secrete the acid of the gastric juice. 


Fic. 29, Fra. 98. 


Frc. #—Capillary Neswerk of the Lining Membrane of the Stomach, with the 
Ocifices of the Gastric Follictes. 

Fro. $0.—Vertical Section of the Mucous Membrane of the Stomach, near the Pylorus 
maguited 20 mes 


‘The trunk and its primary divisions are lined with columnar 
ium. 

‘The peptic glands are found in greatest number about the 

jon of the cardia and pylorus, Their principal structural 

diference from the acid glands is in. the cecal appendages 
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and in the epithelial lining. (Fig. 93.) The emcal piece 
ages are very short as compared with those of the acid glands, 
and the glands are lined Tisosesee with columnar epithelium. 
The function of the peptic 5 and probably of the col- 
umnar epithelium of the acid glands is to secrete pepsin. 


Fra ot, Fro. 99. 


6, its chief beanehes ;¢, €, verm= 
inal cxeca with spheroidal or ~ popeic™ gland-celle, 

‘Foo. #2.—Portiens of ove of the Caca more highly magaitied, as seen longitudieally 
(a), sed In trannvense section (n}. 4, basement membrane ; 5, Lange glairdular oF peptic 
cell; ¢, seaall “centeal” epithelium cells ucrrounding the cavity. 

Fic, 91.—Peptic Gastric Gland, with Colamaar Epithelium, a, wide trunk: 6) 4, lee 
cecal appendages, 


Within the membrane are found a variable number of small 
lenticular . These are cloeed sacs, and are similar in 
Strueturé to the solitary glands of the small intestines, They 
are probably accessories of the lymphatic system.) 
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Gastric Juice. 


Gastric juice, obtained by artificial stimulation from the 
healthy stomach of a fasting dog, by means of a gastric fistula, 
isa thin almost colorless fluid with a sour taste and odor, 


[Analysis of Gastric Juice (Bidder and Schmidt). 


ee. ee 973.002 
Ferment (pepsin), . : . » VAR 
Free loric ack (?),. 3,08 
Potasium, sodium, calcium, and am- 
monium ¢hlorides, . " é > 
Caleium, iron, and magnesium phos- 
phates, . . . . 5 . 
26.998] 


Tn the operation for gastrie fistula, an incision is made through 
the abdominal walls, along the tinea alba, the stomach is opened, 
and the fips of the ric wound securely sewn to those of the in- 
cision in tho abdominal walls. Union soon takes place, so that a 
at wing from the exterior into the inside of the stomach 

estab! A tube of proper construction, introduced at the 


time of the eee eee ie finnly secured in place by the con- 


traction of healing, rough the tube the contents of the stom- 
ach ean be received, and the mucous membrane stimulated at pleasure. 


When obtained from a natural fistula in man, ite specific 
ity has been found to differ little from that of water, vary- 
from 1.001 to 1,010, and the amount of solids present to 

be very sinall, viz., about 0.56 per cent. 


In the dog, Bidder and Schmidt’ found the amount of solids to 
be as much as 2.7 per cent., and in the sheep *1.9; from this it 
might be inferred that the estimate given above for man represents 
not a ther ly healthy but a diluted jnice. But Heidenhain*® 
finds in the dog, that the secretion of the isolated fundus of the 
stomach does not contain more than 0.45 per cent. of solids, and the 
higher figures of Bidder and Schmidt ure probably duc to an ad. 
inixture with remnants of digested food and secretions of the aeoeph- 
agus and mouth. 


Of these about half, 0.24 per cent., are inorganic salts, 
chiefly alkaline (sodium) chlorides, with small quantities of 
Ploerbainn ‘The organic material consists of pepein, a body 





! Bidder u. Schmidt, Dip Verdanungssafte, p. 73. 
* Piliiger's Archiy, xix, 1879, p. 148. 
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to be described immediately, mixed with other substances of 
undetermined nature, In a healthy stomach gastric juice con- 
tains a very small quantity only of mucus, unless some sub- 
maxillary saliva bias been swallowed. 

‘The reaction is distinctly acid, and the acidity is normally 
due to froe hydrochloric acid. This is proved by the fact that 
the amount of hydrochloric acid is more than can be neutral- 
ized by the bases, and the excess corresponds to the quanti 
of free acid present.’ Lactic and butyric, and other acids 
when present, are secondary products, arising either by their 
respective fermentations from articles of food, or from decom- 
pesition of their alkaline or other salts, In man the amount 
of free hydrochloric acid in healthy juice is probably about 
0.2 per cent* 


Mie sont of free acid actually Sonnd ky Bilder ead Eobmaidé 
in the faloe whose specific. gravity Yo given, abgve wad only 0.02 per 
cent, bat thisis untoubtediy below the normal ot health, and, ine 
Good, in tho dog, Bidder and Schmit? found freo soil to the extent 
of 0.3 per eon an inthe, sep 0.123 pe cut. while Heiten 

in‘ obtained hy bis method a percentage in the dog ax high as 0. 

ing to Richet,® the acld does not behave exactly us dows 
sinolataly feos byxirochlocia seid; ha iafars: Chat ve exiata ko poenibie 
ation With some substance which doos ot destroy its tra aeidity, 
The same observer states that lactic acid makes its appearance in 
gaatrio aioe on Keeping, even when unmixed with f 


On starch Spe Juice has, per se, no effect whatever; in- 
deed, the acidity of the juice tends to weaken, and may possi- 
bly be sufficient to arrest the amylolytic action of any saliva 
with which it may be mixed. 

On jrape-sugar and cane-sugar healthy gastric juice has no 
effect. 


When the stomach contains mucus, gastric jnice has the power 
of converting cane-sugar into grape-sugar, ‘This power seems to be 
due to the presence in the macus of a special ferment, analogous to, 
but quite distinet from, the ptyalin of saliva. An excessive quantity 
of cane-sngar introduced into the stomach caused « secretion of 
mucus, and hence provides for its own conversion." 





1 Bidder u, Schmidt, op. cit, Richet, Journ. de l’Annt. et de Ia 
Physiol, xtv (1878), p170.  Szabi, Zt. f. Physlol. Chom., i (877), pu 
140. Reoch, Journ. of Anat. and Phyatol., viti (1874), p. 274. 

* Richot, op. eit. Szabé, op. cit. 

cit. 


Op. Top. cit. * 0p. cit. 
* Hoppe-Seylor, Virchow’s Arobfy, x (1854), p. 144, 
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On fata gastric juice is powerless. They undergo by rea- 
zon of it no change whatever in themselves. When adipose 
tissue is eaten, all that happons in the stomach is that the 
teid and | lara hr aod envelopes of the fat-cells are dissolved 
and the fats set free; the fat itself undergoes no change ex- 
ae very slightest emulsion. 
minerals as are soluble in free hydrochloric acid are 

for the most part dissolved; though there is a difference in 
this between gastric juice and simple free hydrochloric 
a luted with water to the same degree of acidity as the 
i 

‘The essential pro; of gastric juice is the rer of dis 
solving proteid Lees oe of gine err then istd a sub- 
stance called peptone, 


Action of Gastric Juice on Proteids.—The results are exen- 
tially the same whether natural juice obtained by means of a 
fistula or artificial juice, i. ¢, an acid infusion of the mucous 
membrane of the stomach be used. 


Artificial gastric juice may be prepared in any of the following 


1. By scraping the surface of a (pix's or dog's) stomach, rubbing 
up the serapings with pounded glass and ator in 4 mortar, fer. 
ing, and adding hyd: wie acid, till the filtrate, which is in itself 
somewhat acid, has a free acidity corresponding to 0.2 per cent. of 

ic |. The juice thus prepared contains bat little pep- 
tone, but is not very potent. 


2. By removing the mucous membrane from the muscular coat, 
mincing the former finely, and allowing it to digest at 46° C. in a 
Tange quantity of iydrockloric acid diltted to 02 per cent. ‘The 
grater part of the membrane disappears shreds only being left 
and the somewhat opalescent liquid can be decanted and filtered. 
The filtrate has powerful digestive (peptic) properties, but contains 
a considerable amoant of the products of digestion (peptone, ete. ), 
arising the digestion of the mucous membrane itself? 


3, From the mucous membrane, similarly prepared and minced, 
the euperiiuous moisture ix removed with blotting-paper, and the 
pieces are thrown into a comparatively large quantity of concen- 
trated erin, and allowed to stand. The membrane may be 
previously dehydrated by heing allowed to stand under aleohol, but 
this is not necessary. decanted clear glycerin, in which scareely 





} These, however, may be rémoved by concentration at 40° C., and 
subsequont dialysis, 
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any of the ordinary proteids of the mucous membrane are dissolved, 
if added to hydrochloric acid of 0.2 per cent, ene drops of glyc- 
erin to 100 cc. of the dilute ucid are sufficient), makes an fetal 


juice free from ondinary proteids and peptone, and of remarkable 
patency, the presence of the glycerin not interfering with the re- 
sul 


Tf'a few shreds of fibrin, obtained by whipping blood, after 
being ghaecnghly washed and boiled, be thrown into a quantity 
of gastric juice, and the mixture exposed toa temperature of 
from 35° to 40° C., the fibrin will speedily, in some cases in a 
few minutes, be dissolved. The shreds first swell up and be- 
come nt, then fall to pieces into flakes, expecially 
when the vewel containing them is shaken, and finally disap- 
pear with the exception of a little granular debris, the amount 
of which varies according to circumstances. 

Tf small morsels of coagulated albumin, such as white of 
es: be treated in the same way, the sume solution is observed. 

he pieces become transparent at their surfaces ; this is 
cially seen at the edges, which gradually become roun: 
down ; and solution steadily progresses from the outside of the 
pieces inwa: 

Tf any other form of coagulated albumin (¢. g., precipitated 
acid or alkali albumin, suspended in water and boiled) be 
treated in the same way, a similar solution takes place. The 
readiness with which the solution is effected will depend, ceteris 
paribus, on the smallness of the pieces, or rather on the amount 
of surface ax compared with bulk, which is presented to the 
action of the juice. 

Gastric juice then readily dissolves coagulated proteids, 
which otherwise are insoluble, or soluble only, and that with 
difficulty, in very strong acids, 


Nature of the Change as shown by the Products of the 
Action —If raw white of egg, langely diluted with water and 
strained, be treated with a sufficient quantity of dilute hydro- 
chloric acid, the opaleseence or turbidity which appeared in 
the white of egg on dilution, and which isdueto the pens 
of various forms of globulin, disappears, and a clear mixture 
results, Ifa portion of the mixture be at once boiled, a large 
deposit of coagulated albumin occurs, If, however, the mix- 
ture be ex) to 35° or 40° ©, for some time, the amount of 
cougulation which is produced by boiling a specimen becomes 
Jess, and, finully, boiling produces no coagulation whatever, 
By nentralization, however, the whole of the albumin (with 
such restrictions a8 the presence of vertain neutral salts may 
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be obtained in the form of acid-albumin or synto- 

itrate after neutralization containing no. proteids at 

at ey very small quantity). Thus the whole of the albu- 

min present in the white of egg is converted, by the simple 

action of dilute hydrochloric acid, into acid-albumin or syn- 
tonin. 

Ef the same ghd be treated with gastric juice instead 
of simple dilute bh; loric acid, the events for some time 
seem the same, ue seabar awhile "boiling causes no congula- 
tion, while neutralization gives 4 considerable precipitate of a 

proteid body, which, being insoluble in water and in dilute 
poten chloride solutions, and soluble in dilute alkali and 
acids, at least closely resembles syntonin. But it is found that 
only a portion of the proteids originally present in the white 
of égy can thus be regained by precipitation, A great deal is 
still retained in the filtrate after neutralization, in the form of 
what is called peptone, and, on the whole, the longer the diges- 
tion is carried on the greater is the proportion borne by the 
peptone to the precipitate thrown down on neutralization ; in- 
deed, in some cases ut all events, all the proteids are brought 
into the condition of peptone, 

Peptone is a proteid, having the same approximate element- 
ary composition as other proteids, and giving most of the 
usual proteid reactions, 

Tt is distinguished from other proteids by the following 
marked features: 


Ist. It ix not precipitated by potassium ferrocyanide and 
acetic acid, as are all other proteids, 


2d. Though soluble in distilled water and in neutral saline 
solutions, even the most dilute, and therefore not precipitated 
from ita acid or alkaline solutions by neutralization, it is not, 
like the other similarly soluble proteids, coagulated by heat, 


Pes It is highly diffusible, pissing through membranes with 
the greatest ease. (For the “other leas important reactions, sce 
Appendix.) 


The neutralization precipitate resembles, in its general char- 

acters, acid albumin or syntonin. Since, b probably 

ix distinguishable from the body or bo produced by the 

action o! simple acid On muscle or white of egg, it is beat to 
reserve for it the name of parapepfone. Thus the 

gaitric juice of white of egg results in the conversion of all 
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the proteids present into e and perenne of which 
the Piecaae must be eset ttn the final and chief product, 
the latter a by-product or initial product of variable occar- 
rence and importance. The gastric digestion of fibrin, either 
raw or boiled, and of all forms of coagulated albumin, ied 
rise to the same products, peptone and ptone, lk 
when treated with gastric Fees is first of all coagulated or 
curdled. This is the result partly of the action of the free 
acid and partly of the special action of a particular constituent 
of juice, of which we shall sj hereafter. The co- 
agul milk is subsequently dissolved with the same appear- 
ance Hig tone and. arty naka in the case of other pro- 
teids. Tact, the digestion by gastric juice of all the varieties 
of consists in the conversion of the proteid into 
tone, with the concomitant appearance of a certain wares 
amount of parapeptone, 


When raw unboiled fibrin is treated with gastric jniee, the digest~ 
ing mixture is found, when examined immediately after the solu- 
tion of the fibrin, to contain, in addition to. peptone and parapep- 
tone, soluble albumin coagulable by heat, No such soluble albumin. 
is during the digestion of boiled fibrin or of any form of 
coagulated albumin. 


Circumstances affecting Gastric Digestion—In order to 
come to a satisfactory conclusion on this matter it is desirable 
to use the same proteid in all the experiments ; and of all pro- 
teids fibrin is most convenient. It should be boiled rather 
than raw, because the latter is, for reasons of which we shall 
speak presently, soluble to a certain extent in dilute acids 

lone. Since, as will be seen, a given amount of gastric juice 
may, by proper management, be made to digest an almost in- 

nite quantity of fibrin if sufficient time be allowed, we are 

obliged to take, as a measure of the activity of a specimen of 

juice, the rapidity with which it disolves a given 
quantity of fibrin. 

‘The greater the surfice presented to the action of the juice 
the more rapid the solution. Hence minute division and con- 
stant movement favor digestion. Neutralization of the juice 
wholly arrests digestion. Fibrin may be submitted for an 
almost indefinite time to the action of neutralized gastric juice 
without being digested. If the neutralized juice be again 

‘ly acidified it becomes quite aa active as before. 
{lng id with dilute hydrochloric acid of 0.2 per cent. 
(the avidity of natural i¢ juice). If the juice containg 

m0 much less free acid than this its activity is visibly 
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impaired. Other acids, lactic, phosphoric, ete,, may be aub- 
stituted for hydrochloric; but they are not so effectual, and 
the degree of acidity most useful varies with the different 
acids. The presence of neutral salts, especially sodium chlo- 
ride, in exeess is injurious’ The moe in a concentrated 
form of the products of digestion hinders the process Tf a 
Jarge quantity of fibrin be placed in a small quantity of juice 
ligestion is soon arrested ; on dilution with the normal hydro- 
lorie acid (0.2 per cent.), or if the mixture be submitted 
to dialysis, and its acidity be kept up to the normal, the action 
recommences. Digestion is most rapid at about 35°-40° C. ; 
at the ordinary temperature it is much slower, and at about 
0° G. ceases altogether. Gastric juice may be kept, however, 
at 0° ©, for an indefinite period without injury to its powers. 


The gastric juice of cold-blooded vertebrates is relatively more 
active at low temperatures than that of warm-blooded mammals or 
; whether this ix due to a different nature of the gastric juice, 

or to attendant circumstances, is uncertain.* The digestive fluids 
in the stomachs or intestines of invertebrata frequently contain a 


forment wholly similar to pepsin, but mixed with another proteolytic 
ferment resembling that of the pancreas.” 


_ At temperatures much above 40° or 45° the action of the 
juice is impaired. ay boiling for a few minutes the activity 
‘of the most powerful juice is irrevocably destroyed. By re 
moving the products of trae ag fast as they are formed, 
and by keeping up the acidity to the normal, a given amount 
of gastric juice may be made to digest an almost unlimited 
quantity of proteid. This shows that the energies of the juice 
are not exhausted by the act of digestion. 


Tt has been debated whether this statement is absolutely true. 
Ransome,’ however, thinks that the powers of the juice are even 
increased by action, 


Nature of the Action —All these facts go to show that the 
digestive action of gastric juice on proteids, like that of saliva 
on starch, is a ferment action; in other words, that the solvent 
action of gastric juice is essentially due to the presence in it 
of a ferment bosty. To this ferment body, which as yet has 
been only approximately isolated, the name of pepsin has been 

2A. Schmidt, Pfligor's Archiv, xiii (1876), p. 93. 

4 Fick, Arbolten Physil, Lab. Warz., 11 (1873), p. 181. 

oe 4 oa Phys. Inet. Hisidelborg, Hasi), mae 
; alo Hoppe-Seylor, Pflager’s Archiv, xiv (187 
mr aes - Ne Suess Anat. Pym (1876), vol. x. Le 
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Tn the absence of exact beatelapa's of the constitution of 
proteids, we cannot state distinetly what is the precise nature 
of the into peptone. Judging from the analogy with 
the action of saliva on starch, we may fairly su) at the 
process is at bottom one of hydration ; but we have no exact 
proof that it is, and it is at least quite as probable that pep- 
tone arises by « simple splitting up of larger proteid mole- 
cules. Peptone closely resembling, if not identical with, that 
obtained by gastric digestion, may be obtained by the ac- 
tion of strong acids, by the prolonged action of dilute acids 
especially at high temperature, or simply by digestion with 
superb water in a Papin’s digester. The rile of pe; 
sin, therefore, is sol facilitate a change which may 
effected without it. ee, in the act of digestion, the Lag 
itself is not exhausted, it is clear that the energy which is 
spent in the conversion of the proteid into peptone does not 
come from the ferment. 


We have seen that a particular acid and a particular dilation are 
worabl li We may add that the natural action 


most io to 

of the acid ix modified by the presence of the pepsin, It is not 
that in digestion the acid converts the proteid into acid-wlbumin, 
which, in turn, is converted by the pepsin into peptone. Ordinary 
albumin is bess readily converted into neutralization prodects when 


is present. than when pepsin is absent, and, as-we shall see, 
dice resiraliantlon pendants peotabte difer els) ia patare ba the tee 
eases. When bones are treated with simple hydrochloric acid, the 
earthy salts aro dissolved ont, and the animal basis left; when 
hones ane treated with gastric juice, the animal basis ix neted on 
more speedily than the earthy salts’ ‘The nature of the peptie diges- 
tion however be more fully discussed under pancreatic digestion. 


All proteids, as far as we know, are converted by pepsin into 
Of its action on other nitrogenous substances not 
A sion in nature, we need only sy that mucin, nuclein, 
chemical basis of horny tissues are wholly unaffected 
it, but that the gelatiniferous tissues are dissolved and 
into a substance so far analogous with peptone that 

the characteristic property of gelatinization is entirely lost. 

Choniltin and the elastic tissues are also dissolved.? 

Milk is peculiarly affected by gastric juice, whether natural 
or i = Tt is curdied, that is to Say, its casein is pre 
cipitated, The change will go on at the ordinary tempera- 
ture, but is favored by 1 5°40°. This pro 

* Kihine, Lehrb., p. 40. 








LIVER. 


artery for its own nutrition but also the blood of the portal 
vein, which contains the great portion of the products of di- 
m: ‘The blood is conveyed from the liver by the hepatic 
i which empty into the inferior vena cava. The bile, 
which is the principal secretion of the organ, is conducted 
from the liver through two ducts which unite to form the 
hepatic duct, 
he liver is covered with a delicate areolar tissue which 
sends processes or trabecule into its substance hetween the 


Fro, 2, 


Croussection of & Lobule of the Human Liver, in which the capillary network between 
the Portal and Hepatic Velrm has toes fully injected (from Sappey) Y. 1, section of 
wmaller beaches electing tilood frem the capillary nee 

of che vena portae with 
veuris towards the capiary aetwork In the vebstance of Ube lobule, —Afier 


lobules, A prolongation of this arcolar tissue accompanies 
the vessels ax a sheath into the organ, and is called Glisson’s 
capsule. The liver ix partially covered with peritoneum, which 
by its reduplieations forms the hepatic ligaments which sus- 
dd the viseus in the abdominal cavity 

The substance of the liver is composed of lobules having a 
pelyzonal outline. These lobules are made up of irregular 
poly rounded. cells, which are granular and nucleated, 
sometimes containing two or more nuclei. (Fig. J4.) The 
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from the sympathetic, the pneumogastric (the left expecially), 
and the right phrenic. 

On the inferior surface of the liver is an aecesory organ, 
called the gall-bladder, which, during the intervals of dione 
tion, serves us a receptacle for the bile, The mechanism by 
which the bile is carried into the galkbladder ix somewhat ob- 
scure. The bile is conveyed from the liver through the he- 

atic duct, which, uniting with the eystic duct of the gall-blad- 
ee forme the dtiolice oomentunis eholedochus, which conveys the 
bile during digestion to the duodenum. The mechanism by 
which the bile gets into the gall-bladder is probably due to 


Fro. 98, Fro, 99, 


9 —Injected Bilary Capillaries of 
ing the arrangemanc of the biliary 4 
rics of the biliary docts; 8, bepatie cells ; ¢, biliary duets; d, eapillary bloodvesseh 


Fic, %@—Sectlon of Rabbi's Liver Injected. ¢, blood capillaries; 4, bile passages: 
#, sucleus of hepatic call, 


both a tonic condition of sphincteric muscular fibres surround- 
ing the outlet of the ductus communis choledockus, and 2 re- 
versed paristalsis of the muscular fibres in the wall of the duct, 

The function of the liver is both sceretive and exeretive. 
Its principal secretions are the bile and a peculiar amyloid 
substance called glycogen. Its principal excretion is an uleo- 
hol termed cholesterin. It is supposed by Prof. A. Flint, Jr, 
that this substance is converted in the intestine into a new sub- 
stance which he calls stereorin.] 


Bile. 


The quality of bile varies much, not only in different ani- 
mals, but in the same animal at different, times. It is more+ 
over afftcted by the length of the sojourn in the gall-bladder ; 





BILE. 319 


bile taken direct from the hepatic duet, especially when se- 
ereted rapidly, contains little or no mucus; that taken from 
lade tered oxen or sheep, is loaded 
© bile of carnivorous and omniy- 
and of man, is bright golden-red ; of grami- 
iden-green, or a bright green, or a dirty 
green, according to circumstances, being much modified by 
retention in the gall-bladder. The reaction is alkaline. ‘The 
jing may be taken as the average composition of human 

bile (Frerichs). 
In 10% parw. 
+ 850.2 - 


— 10.8 
‘The entire absence of proteids is a marked feature of bile. 


With regard to the inorganic salts, the points of interest are 
the presence of a large quantity of sodium chloride (0.2 to 
0.27 per Lag gd presence of sasena of iron (about 


0.006 per cent. Fe), manganese, and occasionally, at all events, 
of copper. The ash contains soda in a very large amount, 
and sulphates, both coming from the bile-salts. The con- 
stituents which deserve chief attention are the pigments and 
the bile-salts, 


of Bile.—The natural golden-red color of normal 
human or carnivorous bile is due to the presence of Bilirubin. 
This, which is also the chief pigmentary constituent of gull- 
stones, and occurs largely in the urine of jaundice, may be ob- 
tained in the form either of an orange-colored powder, or of 
well-formed rhombic tablets and prisms, Insoluble in water, 
and but little soluble in ether and alcohol, it is readily sola- 
ble in chloroform and in alkaline fluids, Its composition is 
CuH,NO. Treated with oxidizing agents, auch as nitric acid 
yellow with nitrous acid, it displays a succession of colors in 
the order of the spectrum. The ellowah golden-rad becomes a 
green, this a greenish-blue, then blue, next violet, afterwards 
A dirty red, and finally « pale yellow, This characteristic 
reaction of bilirubin is the basis of the so-called Gmelin's teat 
for bile-pigments, Each of these stages represents a distinct 
pigmentary substance. An alkaline solution of bilirubin, ex. 
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fa a shallow vessel to the action of the air, turns . 
ing converted into Biliverdin (CwH»NOs or CuHLN,O; 
Maly), the green pigment of the herbivorous bile. Biliverdin 
is also found in the edges of the placenta of the bitch, and at 
times in the urine of jaundice, and is probably the body 
which gives to bile which has been exposed to the action of 
tric juice, as in biliary vomita, its characteristic green hue. 
tis the first stage of the oxidation of bilirubin in Gmelin's 
test. ‘Treated with oxidizing agents biliverdin runs thi 
the same series of colors as bilirubin, with the exception of the 
initial golden-red. 


We have already discussed (p, 58), the relation of bilirubin to 
hwmatoidin. Other pigments, hilifascin, Liliprasin, have been 
found in small quantities in gallstones. 

“aes ori (nb ngs aah the a a pig, or dog, ex- 

ibits no absorption Is, then ese make their appearance i 
the alooholis extracta, and when the bile has become altered. 

Whe ne has lane SEH faa to the last (, rea 
stage 's test, the liquid i fo contail it 
chamucteristie absorption bands. To this the name Of choletelin’ 
1 Nee Bil rab treated, on the other hand, fie ir 
ing agents mi is converted into s body called wrotntis 
(ipdrotitirabin), = mihi aracteristic spectrum appearances.” 


The Bile-salts.—These consist, in man and many animals, 
of sodium glycocholate and taurocholate, the proportion of the 
two varying in different animals, In man both the total 
quantity of bile-salts and the proportion of the one bile-salt 
to the other seem to vary a good deal, but the glycocholate is 
always the more abundant, In ox-gull, sodium glycocholate 
is abundant and taurocholate scanty. The bilesalts of the 
dog, cat, bear, and other carnivora consist exclusively of the 
latter, the former being entirely absent. 


In the bile of the pig two peculiar acids are present, in union 
with sodium, viz, glycohyocholic and taurohyocholie, differing, 
however, but slightly from the above. Similarly, the bile of the 
goose contains taurochenocholic acid. 


Tnaoluble in ether but soluble in alcohol and in ~water, the 
aqiteous solutions having a decided alkaline rexetion, 
ts may be obtained by crystallization in fine ack @™\ar yeedles- 





1 = herichte, Ba. 60 (1889), 
itera ai | tte 
Beare Cara pe a0 
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They are exceedingly deliquescent. The solutions of both 
psd have a Morena ie on polarized light. 


Prepsration.—Bile, mixed with animal charcoal, is evaj 
to dryness and extracted with alcohol, Tf not colarless, ie eraporated 
filtrate must be further fepslarent with animal charcoal and the 
aloohol distilled off. The dry residue is treated with abeolute A 
hol, and to deers ioe. On anes fogs added as ate be 
any any recip is standing, the precipitate 
Ifthe alcoho! bonot absolut the ere arevery att chaeaed 
ti mot al ie, are Very apt to 

ine ‘a hie prups Aid. This mas of ental oes Wao shes 
spoken of ax bifin. Both salts are thus preci) ipitated, oes in such 
aie a that of the ox or an bln ottsts both of ‘sotiam 

ind sodium taurocholate, The two may be sey edie 
oe ee their aqueous solutions with sugar of lead, whi 
throws down the former pat ape re ready than the latter. [Both 
of these salts are preci lead subacetate, “The acetate haa 
no effect on the a rec ate le but precipitates the aircocholste, Tf, 
therefore, the glycocholate be precipitated first with lead acetate, 
the taurocholate can be peeled aoe the peas ates by means 
of the lead subscetate. } ‘ed from their 


Yenoeetve oaks yi ore nrc ey by the action of lead 


On. pr Ra with dilute acids (sulphuric hydrochloric), or 

ong eines baryta- water, glycocholic acid is split up 

into chol (eholie ) acid and aly lyein, Taurocholie acid may 
similarly be split up into cholalic acid and taurin. Thus: 


(Giyeochatle acid.) (Cholalie acid.) (Glycin,) 
C,)HeN 0+ 1,0=C,He0s+C, TNO. 
(Twrechotic seit} (Chotalic acid.) 

C.HNSO,+H,0=0,,H.0,+0,H:NSO,. 


Both acids contain the same nitrogenless acid, cholalic cect 
but this acid is in the first case associated or conjugated with 
the important nitrogenous body glycin, or amidoucetic acid, 
and in the second case with taurin, or amidoisethionic (amido- 
ethylsulphuric) acid. The decomposition of the bile acids 
into cholalic acid and taurin or glycin respectively takes place 
naturally in the intestine; so that fi from the two acids, after 
they have served their purpose in digestion, the two ammonia 
eek fare returned into the blood. ‘Either of the two 

or cholalie acid alone, when treated with sulphuric acid 
e sauemigat, gives a rangnificent purple color (Pettenkofer’s 





*  Hoppe-Sesler, Virchow's Archiv, xxv, 181; xxvi (1888), 619. 
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test) with a characteristic spectrum. A similar color is pro- 
duced by the action of the same bodies on albumin, amyl, 
alcohol, and some other organic bodies. 


By dehydration, cholalic acid is converted into choloidie acid 
Cuba, oF into dyslyain OycHysOs. 


Action of Bile on Food.—In some animals at least bile con- 
tains a ferment capable of converting starch into sugar; but 
its action’ in this respect is wholly subordinate. 

‘On proteids bile has no direct digestive action whatever. 
But when bile, or a solution of bile-salts, is added to a fluid 
containing the products of gastric digestion, a copious precip- 
itate takes place, consisting both of parspomons and peptone 
[also albumin, mucin, glycocholie acid, bil iary eolbeing matter, 
ete.], the greater part of the ‘in present being at the same 
time carried down mechanically, so that the supernatant liquid, 
even when reacidified, has little or no peptic powers. The pre- 
cipitate, however, is redissolved in an excess of bile or solu- 
tion of bile-salts, [In Dalton’s' and also in my own experi- 
ments on digestion it was found that peptone (albuminose) 
was not precipitated by bil The prpwe of this [pas 
tation, which actually takes place in the duodenum, ane ih 
bly to shield the ferment of the pancreatic juice (see below) 
from the destructive action of the pepsin. “And, in § 
the alkaline bile, by neutralizing the acid contents of the 
stomach as they pass into the duodenum, prepares the way for 
the action of the pancreatic juice. 

With regard to the action of bile on fats, the following state- 
ments may be made: 

Bile has a slight solvent action on fats, as seen in its use by 
painters. It has by itself a slight, but only slight, emulsify- 
ing power; a mixture of oil bile separate after shaking 
Jess rapidly than a mixture of oil and water. With free fatty 
acids bile forma soaps. It is, moreover, a solyent of solid 
soups, and it would appear that the omulsion of fits is, under 
certain circumstances, at all events facilitated by the presence 
of soape in solution, Hence bile is probably of much greater 
use as an emulsion agent when mixed with pancreatic juice 
than when acting by itself alone, To this point we shall re- 
turn. Lastly, the Wetting of membranes with bile, or with a 
solution of bilesalts, assists in the passage of fits through 


nea, Oil Crate with considerable ease through a filter- 
kept wet with a solution of bile-salts, whereas it passes 


‘¥[Human Physiology, sixth edition, 1875, p. 222.) 
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with extreme difficulty through one kept constantly wet with 
distilled water. ; “2 J 


[The Phyeiologioal Anatomy of the Panereaa. 


The physiological anatomy of the pancreas is essential]: 
rag nga moa meg <The, Jobes, are. conspeaed! 
lobules, which are made up of alveoli. It possesses a single 
duct, which conveys the pancreatic fluid into the intestine 
either through an individual, orifice, or by one common to it 
and the ductus communis choledochua} 


Pancreatic Juice, 


Natoral healthy pancreatic juice, obtained by means of a 
tem| pancreatic fistula, differs from the preceding: fluids 
in szaperetnny large quantity of proteids which it eon- 
tains. [When cooled to .0 it becomes of « gelatinous con- 
sistence, and when heated in a test-tube, often forms such a 
solid lum that the tube can be inverted without any of 
the liquid pouring out.] Its composition varies according to 
the rate of secretion, for with the more rapid flow the increase 
of total solids does not keep pace with that of the water, though 
the ash remains remarkably constant. 


be found either in the rabbit or in the dog, and a canola se- 
in it. There is no difficulty about a temporary fistula; but 
rd found that, with permanent fistuln:, the secretion altered 
in nature, and lost many of its characteristic properties. 
je in,* however, has succeeded in obtaining permanent fistaleo 
without any impairment of the secretion. 


By an incision through the linea alba the pancreatic duct can 
oath 
Berna) 


ae pancreatic juice is a clear viseid fluid, frothin, 
when shaken. It has a very decided alkaline reaction, nal 
contains few or no structural constituents. 

‘The average amount of solids in the pancreatic juice of the 
dog when obtained from a temporary fistula is about & to 10 
per cent. ;? but Bernstein’ found in the thoroughly active se 
¢retion from a permanent fistula about 2.5 per cent. (1,68-5.39), 
0.8 being inorganic matter, The important constituents are 
albumin, a peculinr form of casein, or alkali-albumin (precip- 
itable by saturation with magnesium sulphate), loucin and 


1 Lodwig's Arbeiten, 1860, p. 1. 
* Be Lag, Phys. Exp., 1855, 15, 237. * Op. cit. 





§24 TISSURS AND MECHANISMS OF DIGESTION, 


tyrosin, » small amount of fats and soaps, and a comparatively 
large quantity of sodium carbonate, to which the alkaline re- 
action of the juice is due, and which seems to be peculiarly 
associated with the albumin. 


When ogoled to 0° C. it is apt to undergo aeort of congulation, 
becoming fluid again on being gently heated," 

Arconfing 10 Kakns? fred panereatio. juice of ie dog always 
contains corpuscles similar to salivary corpuscles, and the in 
tion observed by Bernard is a true coagulation, resulting in a prod- 
net very similar to myosin. The coagulum, however, is speedily 
digested. Perfectly fresh juice, Kiihne states, contains neither pep- 
tone nor tyrosin, and only the barest trace of Ieucin, 


Action on Food-stuffs—On starch, raw or boiled, pancreatic 
juice acts with great energy, rapidly converting it into grape- 
Ca All that ‘has been said in this respect concerning 
saliva might be repeated in the case of pancreatic juice, ex- 
cept that the activity of the latter is far greater than that of 
the former; the pancreatic juice and the aqueous infusion of 
the gland are always capable of conreting starch into grape- 

the 


sugar, whether the animal from which they were taken be 
starving or well fed. 


As in the case of saliva (p, 298), it is probable that the engar 
formed ix not trac grape-sugar. 


From the juice, or, by the glycerin method, from the gland 
itself, an amylolytic ferment may be approximately isolated. 
On proteids pancreatic juice also exercises a solvent action, 80 
far similar to that of gastric juice that by it proteids are con- 
verted into peptone. If a few shreds of fibrin are thrown 
into a small quantity of pancreatic juice, they speedily disap- 
pear, capil ‘at a temperature of 35° C., and the mixture 

found to contain peptone. The activity of the juice in thus 
converting proteids into peptone, is favored by increase of 
temperature up to 40° or thereabouts, and hindered by low 
temperatures ; it i permanently destroyed by boiling. The 
digistive powers of the juice in fact depend, like howe of 
gastric juice, on the presence of a ferment, to which the name 
trypsin has been given. A glycerin extract of pancreas, pre- 
oe in the same method as that of the gastrie mucous mem- 

rane, is (under appropriate conditions) active on proteids, 
like the native juice. 
1 Bernard, Leg. Phys. Exp., ti, 230. 
* Verhandl. Heidelb. Naturist. Med. Vereins, 
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‘The appearance of fibrin undergoing pancreatic digestion 
is, however, different from that undergoing peptic digestion, 
In the former case the fibrin does not swell up, but remains as 
opaque as before, and appears to suffer corrosion rather than 
solution. But there is a still more important distinction be- 
tween pancreatic and peptic digestion of proteids. Peptic 
digestion is essentially an acid digestion; we have seen that 
the action only takes place in the presence of an acid and is 
arrested by neutralization. Pancreatic digestion, on the other 
hand, is essentially an alkaline digestion; the aetion will not 
take place unless some alkali be present; and the activity of 
an alkaline juice is arrested by acidification, and hindered b; 
neutralization. The glycerin extract of pancreas is, under all 
circumstances, as inert in the presence of free acid as that 
of the stomach in the presence of alkalies. If the digestive 
mixture be supplied with sodium carbonate to the extent of 
1 per cent., digestion proceeds rapidly, just as does a peptic 
mixture when acidulated with hydrochloric acid to the extent 
of 0.2 per cent. Sodium carbonate of 1 per cent. seems in 
fact to play, in pancreatic digestion, a part altogether com- 
baad to that of hydrochloric acid 0.2 per cent. in gastrie 

on. 


With distitlod water the digestion goes on but very slowly, and 
the addition of sodium earbouate quickens the change in proportion 
to the susie ceded, up to about 0.9 or 1.2 vent. Beyond 
this farther li is a hindrance, and large quantities stop the proe- 
emelingeitier, Bile which arrests peptic digestion, seems, if any- 
this orale to pancreatic digestion.’ When isolated ferment, 


4s lyoerin extract of pancreas, is operated with, (1.1 per cent. of 
free hydrvoblone acid is sufficient to arrest the action. 


Corresponding to this difference in the helpmate of the fer- 
ment, there is in the two cases a difference in the nature of 
the products. In both cases peptone js produced, and such 
differences as can at present be detected between pancreatic 
and ic peptones are comparatively slight; but in pancre- 
atic digestion the by-product is not, as in gastric digestion, a 
Kind of acid-albumin, but a body having more analogy with 
alkali-alburnin. 

Before solution has actually taken place the fibrin becomes 
altered in character. It is soluble not only in dilute acids 
and alkalies, but also in a 10 per cent. solution of sodium 
chloride, and the solutions obtained by the latter reagent are 





* Heldenbain, Padger's Archiv, x (1875), p. O67. 
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As is well known, leucin and tyrosin are the bodies which 
make their appearance when proteids or gelatin are acted 
on dilute acids, alkalies, or various oxidizin, agents, 
Now leucin is amido-caproic acid, and thus belon; ‘istinctl 
to the fatty bodies, while tyrosin is a member of the aro 
group, being closely related to benzoic acid. So that in pan- 
ereatic digestion we have the lange complex proteid molecule 
split up into its constituent fatty acid and aromatic molecules, 
and into its other less distinctly known components. 


The pre of these bodies and of the alkali-albumin in pan- 
ereatic Yee is probably due to an intrinsic digestion taking place in 
the seeretion as it pases along the duct or after it hax been col 
the su) ary products of pancreatic digestion may be 
enumerated & which gives a violet color with chlorine-water 
(this reaction is seon in the juice itself), and imdol, to which 
apparently the strong and peculiarly fiecal odor, which makes its 
sppearance during pancreatic digestion, isdue. | 3 
lol, however, unlike the leuein and tyrosin, is possibly not a 
product of pure pancreatic digestion, but of an Lv praee de- 
compesition due to the action of organized fermenta. pancreatic 
jive mixture soon becomes swarming with bacteria, in spite of 
careful precautions, when matural juice or an infusion of the gland 
is used. When isolated ferment is used, and atmospheric germs 
excluded, no odor whatever ix produced.’ though carbonic acid and 
nitrogen are set free; and Kiihne found no indol produced whea 
pancreatic digestion was carried on in the presence of salicylic acid, 
which prevents the development of bacteria and like organisms. 
After long-continued digestion, especially when accompanied by 
matrefactive decomposition, the amount of proteids which are carried 
the peptone stage and broken op may be very great. A 
ifference between tic and gastric digestion way be 
the fact, that bile fibrin boiled as well as raw is readily 
by_pancreatic juice, boiled albumin, syntonin, ete,, resist 
ion of pancreatic juice to a much greater extent than they do 
gastric juice. 
Theory of Digestive Proteolysis —The simplest, view of pepti 
Gipsaten ties ot taticker tieshe Bein ov slbnenins een fe bas 
into syntonin (parapeptonc), and that the syntonin (paray 
ig. converted into peptone; is moreover supported by the 
the final result of dlgeation with a very active juice is poth- 
ptone. There are facts, however, which show that so 
simploa view cannot be accepted, Meisner’ came to the conclusion, 


-N. F., x, 1. 
feht, xxvii, 131; xilil, 60) 
* Zt. f. Rat. Med., vii, 1; viii, 250; 2,1; 
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the real eof Meismor. These results of Kithne it will 
be seen reconcile some previous contradictions; and the distinction 
of the anti- and hemi-groupe, if it prove as general as Kiihne sup- 
poses, throws a great light on proteid metabolism. Jt may be re- 
marked, in passing, that bemialbumose agrees very closely with the 
peculiar proteid body discovered by Bence Jones in the urine of a 
case of osteomalacia. According to Kiithne, while the activity of 
trypsin ia entirely destroyed by digestion with pepsin, trypsin has no 
such effect on pepsin. 


On the gelatiniferous elements of the tissues, unless they 
have been previously treated with acid or heated with water, 
pancreatic juice appears to have no solvent action. In this 
respect it affords a striking contrast to gastric juice.' 


‘Trypsin, unlike in, will’ dissolre mucin, Like i 
inet towinds Woden Koray tamaoy, ald the. so-callcd“ainylold 
matter. 


On Fats pancreatic juice has a twofold action ; it emulsifies 
them, and it splits up neutral fats into their respective acids 


roormn. 

if nee lard be gently heated till it melts and be then mixed 
with pancreatic juice before it solidifies on cooling, a creamy 
emulsion, lasting for almost an indefinite time, is formed. So 
also when olive oil is shaken up with pancreatic j 
separation of the two fluids takes place 
drop of the mixture under the microscope «hows the division 
of the fat is very minute, An alkaline aqueous infusion of 
the gland has similar emulsifying powers. 

Tf perfectly neutral fat be treated with pancreatic juice, 
especially at the body-temperature, the emulsion speodily takes 
on an acid reaction, and by Srrnens means not only the 
corresponding fatty acids, but glycerin may be obtained from 
the mixture, When an alkali is present, the fatty acids thus 
set free form their corresponding soaps. 


Pancreatic juice contains fats, and is consequently apt after col- 

lection to have its alk reduced, and an aqueous infusion of a 
nereatic wland (which vs contains a considerable amount of 
) very speedily nes acid. 


Thus pancreatic juice is remarkable for the power it pox- 





1 wald and Kline, Vecbandl. Naturhist. Med. Vereins, Heidel- 
borg, Ba. | (1970), 
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of Brunner (Fig. 101) are racemose glands, and are confined to 
the duodenum. They are partially imbedded in the submu- 


Portions of cme of Brunace’s Glaads, from the Hamas Dusdenum, 


cous tissue. In their physiology they are closely allied to the 
creatic glands, 

The ema, of Lieberkiikn or imple follicles resemble the 
finger of a glove inverted. They are profusely 
distributed in both the large and ctl intestine, F#-1 
and appear as simple depressions of the mucous 
titsti‘aon: Like the whole of the intestine, they 
are lined by columnar epithelium, They are sur- 
rounded by capillary Rene of bloodvessels and 
lymphatics, and are the principal glands con- 

cerned in the secretion of the succws entericus (Fig, 


mids or Peyer's patches occur a4 

ions of small white guoruli. (Fig. 

103.) "These sacculi are surrounded by dense cap- 

illary plexuses of bloodvewels, which send nu- 

merous yaseular loops into the interior to form a 

framework for the stroma of the organ. The 
stroma Coredet an sional ie containing i: = tase 

its meshes lymph corpuscles and an opaque sul ny 

Hanpe with oliglobales.. pa a 
These sacculi are imbedded in the submucous tissue, and 
generally project more or less above the free surface of the 
membrane, hk sacculus is sometimes surrounded at its free 
surface by an annular depression or fossa and encircled by a 


_—_— 





832 TISSURS AND MECHANISMS OF DIGESTION. 


zons of openings, which are the orifices of the intestinal fol- 
licles. (lig, 104.) Villi are sometimes seen on their surface. 


Fra, 108. 


Agminate Follicles, or Peyer's Patch, ia a state of distension; tm: 


diameters —Afice Borate. 


When the sacculi exist singly, they are termed solitary glands, 
(Fig. 105.) 


Fas. 106 Fro. 105. 


a 6 
Fish, 104.—Side view of « portion of Intestinal Mucous Membrane ot & Caty showing 
a Peyer's glad (a); ite limb in the woberecoua thuvse'(/), the line of separation 
berween which and the raucous membrawe passes across the gland ; 4, ove of the tubular 
follicles, the orifices of which form the sone of openiags around the gland: ¢, the fossa 
In the mucous memibrase: of, villi; ¢, follicles of Lickerkuta —After Bunve 


Fic, 106,—Sotitary gland of small intestine. —After Boum. 


The function of the agminate glands is not known, but it is 
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probable that they are accessories of the | ie & and 
are actively ears in absorption. pric Ras 

The yilli are covered with columnar epithelium, which is 
continuous with the intestinal lining, but is somewhat modi- 
fied om its free surface by being striated. (Fig. 84.) Inter- 
nally, Oey as composed of a atroma of adenoid tissue, whieh 
contains bloodvessels, muscular fibres, lacteals, and also 
fibro-plastic cells and fat-globules. (Fig. 106.) 

‘The lacteals usually appear as a single or double loop, and 


{SE ghily sicered from Teicknann.) 4, Vithus of sheep, 8, Vali of man. 
Vili cf katentine showing columnar epithelium covering them; also adenold tissue, 
having I Sts meshes che dark weasels, which are portal capillaries, and a lacteal eppear= 
ing at awhite loop. 


have no definable openings. They empty into the lacteals at 
the base of the villi. The unstrinted muscular fibres are fibres 
of the musenlaris murose and are supposed to be active ele- 
ments in emptying the lacteals, The longitudinal fibres, in 
contraction, serve to pull the villus down, and force the con- 
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tents of the lacteals out, while valves in the larger vessels pre- 
vent a reflux of the fluid. The which the villi take in 
the digestive process is to absorb the products of tat ee 
This function will be again referred to more in detail. The 
neryes are derived from the pneumogastric and sympathetic. ] 


Suceus Enteriows, 


When, in a living animal, portion of the small intestine 
is ligatured, so that the secretions coming down from above 
cannot enter its canal, while yet the blood-supply is maintained 
as usual, a small amount of secretion collects in its interior. 
‘This is spoken of as the swecus entericus, and is suppoeed to be 
furnished by the glands of Lieberkiihn. We have no exact 
knowledge, however, as to what extent such a secretion takes 
place under normal cireumstances ; and the statements with 
regard to its action are conflicting. Probably it has no direct 
action on either fats or proteids; but is amylolytic in some 
animals, though not in all. 


‘Thiry' divided the small intestine in two places at some distance 
apart. By fine sutures he united the lower end of the upper with the 
upper end of the lower section, thus as it were cutting out a whole 

nece of the small intestine from the alimentary tract. In success- 

‘ul cases, union between the cut surfaces took place, and a shortened 
but otherwise satisfuctory canal wax re-established. Of the ixolated 
piece the lower end was carefully closed by sutures, while the upper 
was brought to the wound in the abdominal wall and secured there. 
A fistula, was thus formed, leading into a short piece of intestine 
ite isolated from the rest.of the alimentary canal. From this iso- 
testing Thiry obtained a thin yellowish alkaline albuminous 
secretion which dissolved fibrin very much in the same way as does 
pancreatic juice, bnt was ineffectual on other proteids and had no 
uction on starch. Masloff? finds that the eee Rnaiet (from dogs) 
by Thiry’s method acts on starch feebly, but has no action on fibrin 
or other proteids in neutral or line solutions if putrefactive 
changes be carefully avoided. Kalliker and H. Miiller found that 
proteids introduced into the intestines were digested in the ease of 
carnivora, but not in the case of herbivora. Funke® also agrees 
with Thiry that starch injected into isolated loops of rabbit's intes- 
tine is not converted into sugar; while Frerichs and Busch eae to 
the opposite conclusion. Certainly pieces of the intestine of the 


1} Wien. Sitzungsbericht, Bd. 1 (1864), p. 77. 
2 Unters. Physiol. Inst, Holdelberg, it (1879), p. 200. 
*Lahrh., p. 190. 
aso Pasebutin, Archiv Anat. Physiol., 1871, p. 305. Eich- 
horst, Paagor’s Archiv, iv (1871), p. 675. 





be laid On tis, si 
biaied Seay shales wveayiyiriot tha b 


a into butyric acid with the 
id. free hydrogen. 

Of the possible action of other secretions of the alimentar: 
canal, as of the ewcum and large intestine, we shall foe 
when we come to consider the changes in the alimentary canal. 


Concerning the secretion of Brunner's glands our information is at © 

Hh pecnye rps ‘The cells of the glands closely resemble the cen- 

cells o| i Festooe ene a riitzner’ finds that an extract 
an act 


e 

of the gland will digest fibrin i id solution, but has no distinct 

amylolytic action. 

See. 2. Tue Acr or Srcretion ix tHe Case oF THE 
Dierstive Jutces axp tae Nervous Mecrray- 


1SMS WHICH REGULATE Ir. 


The various juices whose properties we have just studied, 
though so different from each other, are all drawn ultimately 
from one common source, the blood, and they are poured into 
the alimentary canal, not in « continuous flow, but intermit- 
tently as occasion may demand. The epithelium cells which 
supply them have their periods of rest and of activity, and 
the amount and quality of the fluids which these cells secrete 
are determined by the needs of the economy as the food passes 
along the eannl. We have therefore to consider how the epi- 

um cell manufactures its special secretion out of Ae 
materials cate to it by the blood, and how the cell is called 
into activity by the presence of food at some distance from 
itself, or by circumstances which do not bear directly on itself. 
Tn dealing with theso matters in connection with the digestive 
Juices, we shall have to enter at some length into the physi 


teed ‘secretion in general. 
question which presents itaclf first is, Docs the epithe- 


1 Schwalbe, Arch, € micro, Anat., vili (1872), p. 97. 
* Palager’s Archiv, xii (1876), p. 288. 
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lium cell simply serve as a filter, merely draining off from the 
blood the already formed constituents of its secretion, each 
cell being fitted in some way to catch and deliver particu- 
lar substances? In other words, Is seeretion merely selee- 
tion, just as from a mixture of shots of various sizes a selee- 
tion might be made by passing them over a series of sieves 
with meshes of varying width? or does the cell draw uy 
the blood for the nutritive elements required for the growth of 
all protoplasm, and out of these common elements manufacture 
in the recesses of its own substance the chemical bodies whieh 
characterize the fluid it pours forth ? 

‘This question is naturally the first to be asked, nevertheless 
it will be of advantage to defer it for the present, and, while 
still bearing it in mind, to pass on to the second question: By 
what mechanism is the activity of the seereting cells brought 
into play? 

While fasting, a small quantity only of saliva is poured into 
the mouth; the buceal cavity is just moist, and nothing more. 
When food is taken, or when any sapid or stimulating sub- 
stance, or indeed a body of area is introduced into the 
mouth, the flow induced may be very copious. Indeed the 
quantity secreted in ordinary life during 24 hours bas been 
roughly calculated at as much as from 1 to 2 litres. An 
abundant secretion in the absence of food in the mouth may 
be called forth by an emotion, as when the mouth waters at 
the sight of food, or by a smell, or by events occurring in the 
stomach, as in some cases of nausea. Evidently in these cases 
some nervous mechanism is at work. In studying the action 
of this nervous mechanism, it will be of advantage to confine 
our attention at first to the submaxillary gland. 

The submaxillary gland (Fig. 107) is supplied with nerves 
from two sources: from the cervical sympathetic along the 
submaxillary arteries, and from the seventh or facial nerve 
by fibres, which, running in the chorda tympani, join the tin- 
gual branch of the fifth nerve, from which they diverge close 
under the lower jaw, and run as asmall nerve close beside the 
duct to the gland. 

If a tube be placed in the duct, it is seen that when sapid 
substances are placed on the tongue, or the tongue is stim- 
ulated in any other way, or the lingual nerve is laid bare and 
stimulated with an interrupted current, a copious flow of ealiva 
takes place, If the sympathetic be divided, stimulation of 
the tongue or lingual nerve still produces.a flow. But if the 
small chorda nerve spoken of above be divided, stimulation 
of the tongue or lingual nerve produces no flow. 
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Evidently the flow of saliva is.a nervous reflex action, the 
lingual nerve serving as the channel for the afferent and thé 
small chorda nerve for the efferent impulses, If the trunk of 
the lingual be divided above the point where the chorda leaves 
it, as at Fig. 107, n. f., stimulation of the tongue produces, 


Dikgrammatic Representation of the Sobmaniliary Gland of the Dog with its Nerves 
and Blosdvrenvels 


(Tis bs 00t bacesled to itluscrate the exact anatombcal relations of the several structures.) 


4a gid The subenaxillary gland, inte the duct (ev. d.) of which a cama has been 
tied, The seblingnal and and duct are not shown. 

whim ft, The lingaal beanch nerve. cf, ¢., ck. £, The chords rympanl, proceed. 
liyg from the facial serve, becouting conjoined with the lingual at «and afterwards 
diverging aod parsing to the glared along the duct. 

smi: glo “The walmaxary gaagtion with zx several roots, #4, The lingual peo- 
‘ceeding to the toepae. 

a car The carotid artery, two branches of which, a sar. and #40. #., pass to 
the anterior and posterior parts of the gland. 2a. the azterior and posterior veins 
from the gla, falling tose w. /. the jugular vein. 

payne, The conjoined vagus and symparketic treaks, 

gh. c0r 4. The mepencervical ganglion, two beasches of which forming a plexua(e,/,) 
‘ver the facial artery, are disardbuted (1. sym, so.) along the two glandular arteries te 
the anterior ated posterise portions of the gland. 


‘The arrows indicatn the direction takew by the wervous impulses during reflex «timex 
lation of the gland. They ascend to the beain by the lingual and descemd by che chorda 


aytapani. 
under ordinary circunstanoes, no flow. ‘This shows that the 
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centre of the reflex action is higher up than the point of see- 
tion ; it lies, in fact, in the brain. 


lion, an 
ce frotn the 


tongue directly with a galvanic current or drew the tongue out and 
placed ether on its surface. The secretion in all these cases was 
accompanied by a dilation of the bloodvessels of the ani and the 
effect_on the gland was indeed wholly similar to that, of di 
stimulating the chorda, Bernard further insisted that in these-ex- 
periments no anwstheties were to be used, and observed that the 
reflex effect was no longer visible when two or three days had 
elapsed after section of the conjoined lingual and chorda trunks, 
Both these fucts rather militate against hix view, since it seems 
improbable that a sporadic ganglion should be so susceptible of 
ansesthetics, or that degeneration and functional incapacity of the 
ganglion should follow upon section of the conjoined lingual and 
chorda so long as the afferent and efferent connections af the ganglion 
with the gland and tongue were kept up. 

Kekhard’ in repeating Bernard's experiments failed to obtain any 
effect upon dipping the endings of the lingual nerve in salt solution 
or from placing ether on the tongue, and he very naturally argued 
(being supported in this by Heidenhain’) that the effeots seen when 
galvanic stimulation was employed were due to an escape of the 





* Comptes Rendus, 1862, ii, 341, 
24. f rut. Mod., xxix (1867), p. TA. 
* Breslau, Studien, 1868, 
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and (3) fibres from the ion to the gland, in exactly the 
nervous mechanism demanded by Bernard's view. But Bidder, 
like Eckhard, failed to obtain a reflex secretion by pouring ether on 
the tonguc after division of the conjoined lingual and chordarand 
he found that galvanic stimulation of the nerves fons from the 
ganglion to the tongue was of no effect, provided that errors due 
to escape of current on to the main chorda fibres were avoided by 
are inducing through section degeneration of the chorda 
ibres including the chorda roots of the ganglion. So that Bidder's 
in the end oppose the view that the ganghon can act as a 
centre of reflex action. In fact, such a view must be regarded at 
present ag not proven. 

We have, contrary to our wont, given this controversy in detail, 
on account of the great importance of the subject. The submaxillary 
ganglion is almost the only case in which it has been with any sno- 
cess attempted to demonstrate by experiment the reflex action of a 
sporadic ganglion, and the question whether sporadic ganglia ean or 
cannot serve as centres of reflex action is at the present time at least 
4 question of much interest. 


Stimulation of the glosso-pharyngeal is even more effectual 
than that of the lingual. Probably this, indeed, is the chief 
afferent nerve in ordinary secretion. Stimulation of the 
mucous membrane of the stomach (as by food introduced 
through a gastric fistula) or of the vagus also produces a 
flow of saliva, as indeed may stimulation of the sciatic, and 

robably of many other afferent nerves. All these eases are 
instances of reflex action, the cerebro-spinal system acting a8 
acentre, In most cases the centre lies in the medulla ob- 
longata, and secretion may be caused by direct stimulation of 
this organ; where ideas or emotions cause a flow, the stimula- 
tion begins higher up in the brain; and in cases where the 
sense of tuste, as distinguished fron neral sensation, is cou- 
cerned in the matter, it is probable that the afferent inpulsea 
ascend into the brain higher up than the medulla before they 
return as efferent impulees, In all these cases the chords 
tympani is the sole efferent nerve, Section of that nerve, 
cither where the fibres pass from the lingual nerve and. the 
submaxillary ganglion to the gland, or where it runs im the 
same sheath as the lingual, or in any part of its course from 
the main facial trunk to the lingual, puts an end at once 
(with the disputed exception mentioned above) to the possi- 
bility of any flow being excited by stimuli applied to the 
mouth, or any part of the body other than the gland itself. 


This statement ix probably too absolute; for, though satisfactory 
evidence of reflex excitation of the submaxillary gland by means of 
the sympathetic is not forthcoming, it seems unlikely that the seere- 
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as dlistis from the vaso-motor activity of this nerve, 
AGUA weve Os pak to wera sotnal life 3 


Tn life, then, the flow of saliva is brought about by the 
advent to the gland along the chorda tympani of efferent im- 
pulsea, started chiefly by reflex actions. The inquiry thus 
narrows itself to the question: In what manner do these 
efferent impulses cause the increase of flow? 

Tf in a dog a tube be introduced into Wharton’s duct, and 
the chorda be divided, the flow, if any be going on, ix from 
the lack of eflerent impulses arrested. On passing an inter- 
rupted current through the peripheral portion of the chorda, 
4 copious secretion at once takes place, and the saliva begins 
foe rapidly in the tube; a very short time after the appli- 
cation of the current the flow reaches a maximum, which is 
maintained for some time, and then, if the current be long 
continued, gratually lewens. If the current be applied for 
‘a short time only, secretion may last for some time after 
the current has been shut off. The saliva thus obtained is 
but slightly viseid, and contains but few salivary corpuscles 
or protoplasinic lumps. If the gland itself be watched, while 
its activity is thos roused, it will be seen that its arteries are 
dilated and its capillaries filled, and that the blood flows 
rapidly through the veins in a full stream and of bright arte- 
rial hue, frequently with pulsating movements, If a vein be 
opened, this lange increase of flow, and the lessening of the 
ordinary eepararresion of the blood, consequent upon the 
rapid stream, will be atill more evident. It is clear that ex- 
citation of the chorda aets on some local vaso-motor centre in 

ugely dilates the arteries; the nerve ucts 
dilator nerve. 


dilation of the bloodvessels of the gland and a flow of saliva, 
‘The question at once arises, Is not the latter simply the result 
of the former? The activity of the epithelial secreting cell, 
like that of any other form of protoplasm, is dependent on 
blood-su) ir hen. the small arteries of the gland dilate, 
the latin become fuller, more blood passes through them 
in & given time, a larger amount of nutritive material passes 
away from them into the surrounding lymph-spaces, and so 
into theepithelium cells (and it must be remembered that though 

the di the pressure in the arteries of the gland is 
diminished, that of the capillaries and veins is increased), the 
result of which must be to quicken the processes going on in 
the cells, and to stir these up to greater activity. This must 

2 
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be so; but it does not necessarily follow that the activity thus 
excited should tuke on the form of secretion. It is quite 
sible to conceive that the increased blood-supply should lead 
only to the accumulation in the cell of the constituents of the 
saliva, or of the materials for their construction, and not to a 
ischarge of the secretion. A man works better for bei 
fod, but feeding does not make him work in the absence 
any stimulus, The increased bloodsupply therefore, while 
favorable to active secretion, need not necessarily bring ‘it 
about. Moreover, the following fitcts deserve attention = 
the chorda ix energetically stimulated, the pressure acquired 
by the saliva in the duct exceeds the arterial riper 
for the time being; that is to say, the pressure of fluid in the 
id outside the bloodvessels is greater than that of the 
inside the bloodvessels, This must, whatever be the 
exact mode of transit of nutritive material through the vaseu- 
lar walls, tend to check that transit. [It is also an intorest- 
ing fact that the temperature of the saliva at the time of 
secretion is from 1° to 2° F, higher than that of the arterial 
blood supply ng the gland.J Again, if the head of an animal 
be rapidly ent off, and the chorda immediately stimulated, a 
flow of saliva takes place far too copious to be accounted for 
by the emptying of the salivary channels through any sup- 
contraction of their Is, In this case socretion is 
excited in the absence of blood-supply, Lastly, if a small 
uantity of atropin be injected inte the veins, stimulation of 
the chorda produces no secretion of saliva at all, though the 
dilation of the bloodveswels takes place as usual, is re- 
markable fact can only be accounted for by supposing that 
the chorda contains two sets of fibres, one secretiy tees 
acting directly on the epithelium cells Le and the other 
yaso-motor or dilat fibres: acting on the bloodyessels only ; 
it has no eflect on the latter, 
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leave dilation of the bloodvessels as the only effect of stimu- 

lating the muscular nerve. In both cases the greater flow of 

us ae an adjuvant to, not the exciting cause of, the activity 
fas. 


Tf the chorda acts thas directly on the secreting cell, there must 
pax phim fieal and protalhy an anatomical conneetion between 
the cell and the nerve-fibre. Although Pfltiger's' observations as 
to the netual mode in which the nerves end im the gland have not 
been generally ry a nerve-fibres have been traced to the exterior 
of the alveoli, and Kupffer? has shown that in the so-called salivary 
glands of the perve-tibres certainly Ee into the protoplasm 
and apparently end in the nuclei of the cel; 


When the cervical sympathetic is stimulated, the vascular 
effects are the exact contrary of those seen when the chorda 
is stimulated. The small arteries are contracted, and a small 
pants of dark venous blood eseapes by the vein. Some 

mes, indeed, the flow through the gland is almost arrested, 
‘The sympathetic, therefore, acts as a constrictor nerve, and in 
this sense is an istic to the chorda, We have already re- 
ferred to the probable existence of a local yaso-motor centre 
situated in the gland itself, in which indeed there are found 
ganglionic cells in abundance. The fact that section of the 
cervical sympathetic does not cause complete dilation of the 
yewels of the gland—the dilating effects of stimulation of the 
chorda being fully evident after previous section of the sym- 

nde additional support to this view. We may 
accordingly state that, while the chorda tympani inhibits, the 
sympathetic exalts, the action of this local centre, 


The IA ee between Ly two, as = oh the eta is 
copoerned, is very imperfect. the sympathetic being the more pow- 
erful; thas stimulation of the chorda produces very little effect in 
altering the results of a concomitant strong stimulation of the sym- 


pathetic.’ 


‘The effecta on the flow of saliva from the submaxillary 
Jand of the dog brought about by stimulation of the sympa- 
thetic, are very peculiar. A slight increase of flow is seen, 
‘but this soon off, and what saliva is secreted is remark- 
ably viseid, of higher specific gravity, and richer in corpus- 
cles and protoplasmic lumps, and it is said to be more active 





‘Btrleker’s Histology, Syd. Soc. Trana., Art. Salivary Glands (by 
Plea). “cd athe age rheeee tes Ferigabe, p. Ixiv. ey 
* Frey, Eadwig’s Arbelten, 1878, p. 99. 
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on starch than the chorda sali ‘This action of the sympa- 
thetic is not affected by atropi 
at, on the contrary, the chorda saliva is distinctly 
cid than the sympathetic saliva, though it is produced 
in greater abundance upon stimulation. The secretory activ 
ity of the cat’s sympathetic is also arrested by atropin, though 
a larger dose than that which paralyzes the chorda is re- 
quired” In the rabbit both chorda and sympathetic saliva 
are free from mucus, though the latter is secreted more 
scantily than the former. he marked contrast, therefore, 
shown in the dog between the two kinds of saliva must not 
be considered as of fundamental origin. We shall return 
later on to a discussion of the essential differences between 
chorda and sympathetic action. 


Most observers agree that when both chorda and sympathetic are 
stimulated at the same time with strong currents, the action of the 
chorda, coutrary to what takes place as far as the blood-supply i 
concerned, prevails as far as secretion is concerned, ¢. ¢., the flow is 
copious and watery, But the nature of the differences exhibited 
by the chorda and symputhetic in reference to the character of the 
secretion and the relations of the two will be discussed later on. See 

1. 300. 
Ls Bernard? observed that after section of all the nerves going tothe 
gland, a continuous and fairly copious secretion of a watery saliva 
soon set inand continued for sometime, Heidenhain‘ observed the 
safhe thing, the continaons flow beginning from four to twenty-four 
hours after section of the nerves, coon reaching & maximum, and 
after some weeks decreasing again as regencration of the nerves took 

lace. During this “paralytic secretion,” as it is called, the gland 
diminishes in size, and in some cases where the nerves are not re- 
stored appears to undergo degeneration. A paralytic secrotion also 
appears if the chorda only be divided; and urari poisoning® pro- 
duces a similar flow. The paralytic secretion is watery, but contains 
both mucin and salivary corpuscles, ‘The mechaniste of its produc- 
tion is obscure, but Heidenhain observed a similar continuous seere- 
tion to result when the duct of the gland was kept ligatured for 
twenty-four hours and then opened. Heidenbain also observed that 
when the nerves of the gland on one side were cut, a paralytic seere- 
tion appeared in the gland of the other side also. 


The natural reflex act of secretion may be inhibited, like 
the reflex action of the vaso-motor nerves, n& its cerebral 
centre. Thus when, as in the old rice ordeal, fear parches 


! Eckhard, Beitrige, ii (1860), p. 81; 1864), p. 39. 
* Langley, Journ. Physlot,, 4 (1878), i 96, 
* Robi 


"4 Journal de Anat. ot de la Physiolog., + (1864), p. 611. 
#Op. cit. » Bernard, op. cit. 
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the mouth, it is probable that the afferent impulses passing 
from the mouth cease, through emotional inhibition of their 
reflex centre, to give rise to cffirent impulses. 

‘The history of the submaxillary gland then teaches us that 
secretion in this instance is a reflex action, the efferent im- 
pulses of which directly affect the secreting cells, and that the 
vascilar phenomena may assist, but are not the direct cause 
of the flow. We have dwelt long on this gland because it has 
been more fruitfully studied than any other. The nervous 
mechanisms of the other secretions may be passed over much 
more rapidly, 


Parotid.—The secretion of this gland, like that of the eub- 
maxillary, is governed by two sets of fibtes; one of cerebro 
inal origin, running along the auriculo-temporal branch of 
fifth nerve, but origingting either in the glosso-pharyngeal 
or the facial, and the other of sympathetic origin coming from 
the cervical sympathetic. Stimulation of the cerebrospinal 
fibres produces a copious flow of watery saliva, free from 
mucus, the secretion reaching in the dog » pressure of 118 
mm. mercury ; stimulation of the cervical sympathetic gives 
tise in the mbbit to a sceretion free from mucus but rich in 
organic matter and of ter amylolytic power than the 
inal secretion, but in the dog little or no secretion 

is produced, though, ax we shall sce later on, certain chan; 

are brought abont in the gland itself? In both animals 
cerebrospinal fibres are vasodilator, and the sympathetic 
fibres vaso-constrictor in action, Stimulation of the central 
end of the glosso-pharyngeal produces by reflex action a se- 
cretion of the parotid, but that of the lingual is said to be 

Without effect.” 


Tn the 


pr but it does ve a baer ls haf spring from the 
rvngeal ag in the dog, or from the fie 

Fekbeed filed, in the parotid of the sheep, to get_any eff 

whatever nerve he stimulated ; a continuous secretion going on, 

being neither increased nor decreased by nerve stimulation. 


* Heideohain, Paixer's Archiv, xvii (1878), p. 1. 

{ Nawrock!, Breslau: Stodien, tv (1868), p. 125. 

* Nawrocki, op. eit. Loob, Eckhard's Beltrage, v (1869), p. 1. Hel- 
denhuin, op. cit. 

* Beitriige, rii (1878), p. 161. 
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Gastric Juice.—The pressure of food in the stomach causes 
La a re The quantity secreted in man 
in the twenty-four hours has been calculated at from 13 to 14 
litres. When the ‘ic mucous membrane is stim 
mechanically, as with a feather, secretion is excited; but toa 
very small amount even when the whole interior of the 
stomach is thus repeatedly stimulated. The most efficient 
stimulus is the natural stimulus, viz,, food; but dilute alkalies 
seem to have unusually powerful stimulating effects; thus the 
swallowing of saliva at once provokes a flow of gastric juice. 
During fasting the gastric membrane is of a palo-gray color; 
during digestion it becomes red and flushed, and to a certain 
extent tumid, The secretion of gastric juice, therefore, seems 
to be accompanied by vascular dilation in the same way as in 
the secretion of saliva, 

Seeing that, unlike the case of the salivary secretion, food 
is brought into the immediate neighborhood of the secreting 
cells, it is eaetney, probable that u it deal of the secre- 
tion is the result of the working of » local mechanism; and 
when a mechanical stimulus is applied to one spot of the gastric 
membrane the secretion is limited to the neighborhood of that 
at and is not excited in distant parts. Nevertheless, since the 

Ww of gastric juice may be excited or arrested by events in dis- 
tant parts, as by emotions, the gastric membrane must be in some 
way or other ronght into relation with the central nervous 
system ; and probably fature inquires will disclose a mechan- 
ism as complete as that of the submaxillary gland, At pres- 
ent, however, the matter is very imperfectly known. 


Heidenhain' has sneceeded in the dog in isolating (after the 
manner of Thiry’s method with the intestine) a portion of the fax 
dus from the rest of the stomach. He finds that introduction of 
fod into the (ruain) stomach gives rive to a soeretion of gastric juicg 
in the isolated fandus portion. ‘This would at first sah seem to indi« 
cate # nervous aetion, bat the secretion in the isola! Seeder 
nificant unless the material introduced into the main stomach be sucl 
as ean be digested and absorbed. A similar connection between the 

-net of seeretion and the absorption of digested material is indicated 
uae rate of secretion of pepsin after a meal. Griitzner® states 
it the rate of secretion of pepsin, abundant immodiately upon 
food being taken, falls during the first and second hours afterwards, 
rises again up to a second maximum at the fourth or fifth hour, 
iter whieh it finally but gradually sinks, the curve in fact being not 
unlike that of the pancreatic socretion (see Bige 108). And Heiden- 





» Piliigor's Archiv, xix (1879), p. 148. 
* Untersuch. Gi. Bildung u. Ausibeidung des Pepsin, 1876. 
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if 


embrace not, 
parallel to the amount of pepsin in the 


A 


The amount of acid in the secretion is much more constant than 
the pepsin, in fact varies but slightly. The inerease of acidity in 
the contents of a meal is due simply to the fact that the aad wo 
cumulates as the gastric juice continues to be secreted, 

Rutherford? found that the gastric membrane, flushed during 
digestion, became pale when the vagi were cut. Stimulation of the 
central ond of either vagus caused a reddening of Si wee meni- 

i the peripheral end produced no constant 

these results we may infer that afferent impulses pass 

up the vagus and by inhibiting in the medulla the vaso-motor cen- 
tre governing the ‘ic blood vessels, cause a dilation of the latter. 
‘The efferent inj Sop ee not descend by the vagus; prob- 
ba , therefore, their pa wi aaihe ansealbed After division 
h yagi, gastric juice of normal acidity and peptic power con- 
tinues ty be .. The same occurs after Mlvision of both 
splanchnic nerves, and even after extirpation of the evliac ganglion. 


Bile-—When the acid contents of the stomach are poured 
over the orifice of the biliary duct, a gush of bile takes 
place. Indeed, stimulation of this region of the duodenum 
with 2 dilute acid at once calls forth a flow, whereas alkaline 
fluids so applied have little or no effect. This, probably, is a 

action leading to contraction of the muscular walls of 
the gall-bladder ai ducts, accompanied by a relaxation of 
the sphincter of the orifice; it refers, therefore, to the dis- 

rather than to the secretion of bile, 

en the secretion of the bile is studied by means of a 
biliary fistula (which, however, probably induces errors by the 
total withdrawal from the body of the bile which should 
naturally flow into the intestine), it is seen to rise rapidly 
‘after meals, reaching its maximum in from four to ten hours. 
There seems to be an immediate sudden rise when food is 
taken, then o full, followed subsequently by a more gradual 
rise up to the maximum, and ending in final fall. It is ex- 
ceedingly probable that these variations are due to the action 


£Op. cit 
* See also Legons sur la Physiologie de la Digestion, if, 1867. 
+ Pht Trane Bina, wut (Ist0)" ean 
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of the nervous system, but the exact nature of the nervous 
mechanism is unknown, 


Stimulation of the gplanchnics causes an fnerease in the flow 

Seed fistula, but this is probably due to contraction of 
the jets. 
Rutherford! finds that the injection of various substances, ipe- 
ecacuanha, podophyllin, etc, into the duodenum causes an increase 
in = vie seeretion, but the manner of the inerease is not yet 
explained. 


Unlike the case of saliva, the pressure under which the 
bile is secreted never exceeds that of the blood, and is in 

eral very low. When « water manometer is connected 
with the gall-bladder of « guinea-pig, the duetue choledockus 
being ligatured, the fluid may rise in the manometer to about 
200 mm. (equivalent to about 16 mm. mercury), but not much 
beyond, If water he prarel into the open end of the man- 
ometer so as to raise the pressure much above 200 mm., re- 
sorption into the circulation takes place, and the fluid in the 
manometer sinks to, or even below, the normal Jevel.? The 
quantity secreted in man in the 24 hours has been estimated 
roughly at about 10 kilos, but the calculations are based on 
very imperfect data. 


Pancreatic Juice.—The relation of the nervous system to 
the secretion of the pancreatic juice has been studied rather 
more fully. N, O, Bernstein® finds that in the dog the secre- 
tion, after food hus been taken, follows the curve given in 
Fig. 108. There is a sudden maximum rise immediately after 
food has been taken. This must be duc to nervous action, 
‘Then follows a fall, after which there is, as in bile, a sec- 
ondary rise, the causation of which may, or may not, be ner- 
vous in nature. The quantity scereted in 24 hours by man 
has been calculated at 300 cc. Like the salivary glands, the 

increas while secreting is flushed, through dilation of its 

loodvessela, 


According to N. O. Bernstein,* the secretion is at once stopped 
by nausea or vomiting. Section of the vagus stops the secretion 
for a short time; it soon, however, recommenees. Stimulation of 
the central vagus causes an arrest Jasting for some time after the 





1 Journ. Anat. Phys., x, xi (1876, 1877); Brit, Mod. J., 1878, 1870, 

+ Friedlinder w, Barlsch'(Heidonbiain), Du Boie-Reymond's Archiv, 
1860, p. O46. 

* Ludwig's Arbeiten, 1869. + Op. elt. 
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stimults has beon removed. It is probable, therefore, that the 
arrest_of secretion daring vomiting is due to afferent impulses 
ascending the vagus and descending by some other chaanel If 
all the nerves going to the pancreas around the pancreatic artery 


Fro, 108. 






































Tiagraan Ulstrating the Lefluence of Food os the Sccretion of Pancreatic Juice. — 
After N. 0. Baxserrere 


‘Tive abrycissce reprevent hours fier cating food ; the ordinates represent in co. the 
amuunt of sceretion In 10 tmiayites. A tmarked rise is seca at B (etmedintely after food 
was taker, with a xecondary rive between the 4th and fith hours afterwande, Where 
thee tine i doeved, the observation was Interrupted. On food being again given ax C, 
another tiie Es seen, fellowed in tam by a depression apd a secondary rise at the deh 
hour. A very sitsilar Carve would represent the secretive of bile. 


be severed a4 completely as possible, a continuous paralytic flow, 
not increased! but or 4 Gintnabed by food, and very slightly if 
at all hindered by manses or stimulation of vagus, is brought on. 
Heidenbain' states that a stimuls of the medulla oblongata 
canses an inercased flow. 


Succus Entericus—With regard to the secretion furnished 
by the intestine iteolf our information is very limited. Thiry? 
found that in the isolated intestine the secretion was not'a 


1 Piliger’s Archiv, x (1875), ps. 557. 
* Wien. Sitzungawuricht, 1, p. 77 
0 
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constant one, but needed for its juction some stimulus 
(mechanical or other), which probably acted in a reflex manner, 


_ Moreau’ found that after section of the neryes going 


‘Thus, while the influence of the nervous system is in the 
ease of the submaasillany, gland tolerably clear, in ee of 
the other secretions ve much yet to learn, and must rest 

* rather on the with the submaxillary gland than on 
any known facts. We cannot, however, go far bani if we 
conclude that in all cases secretion is essential ous eae an 
increase in the activity of the epithelium cells, anc 
tions in the blood-supply have a secondary effect onl; he 


ye 


eiepeet 
am 


Sela ei ntact [Sears 


secretion, bh Vater ea fits | NY 

inereasing by acting as a direct cl 
cralecia the eropluan, ( (3) by exci monetion in the gal 
Hear of the Firaiieed mechanism to the 
cell, ( Hating dic onthe nervous centre of that 

We shall return to these questions when we come to speak of the 
secretion of urine. 


We are now in a position to attack the second problem. 
pte is the exact nature of the activity which is ‘this called 
forth? 

We learn from the researches of Heidenhain’ that each 
secreting cell of a pancreas of an animal (dog) which has 
been fasting for thirty hours or more consists of two zones; an 
inner zone, next to the lumen of the alveolus, which is stud- 
ded with fine granules, and a small outer zone, which is 

or marked with delicate striw, Carmine stains 
the outer zone easily, the inner zone with difficulty. The 
nm more or less ena in shape, is placed partly in 
piesscce sail pacily the other zone. When, however, the 


* Contrlit. Med. Wias., 1808, p. 200. 
» Pllager's Arohie, x (187), panr. 
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found to be much wider, the granular inner zone being 
ndingly narrower, and in some cases Sealy eee 

‘The whole cell is smaller, and owing to the relatively 

size of the outer zone, stains well, The nucleus ia 


the outer zone is increasing, that is to say, the 
i built up again out of materials brought to 


, evidently at the expense of the outer zone, 

latter also continues to increase, causing the whole 

cell to become bigger. From thence till the next meal there 
oecurs a partial consumption of the inner zone, so that the 
outer zone becomes more conspicuous again, though the whole 
cell becomes smaller. Evidently ont of the protoplasm of 
the cell, which is itself formed at the expense of the blood, 
the les are formed, and these being depoeited towards 
the ae of the alyoolus distinguish the outer homogencous 


from the inner prussiise zone, and the secretion is produced 
o 


at the expense of the granules, 
Kithne and Sheridan Lea! observing, under the micro- 
ing rabbit, have been able to 
process of accretion; and their results, while 
extend, in the apaiet|porrobenets Shove cf aetibale 
iescem e rabbit, Fig. 109, A, the cells 
Tor the cel part filed with anti the transparent 
zone being reduced to small dimensions; the outlines of 
vidual cells are very indistinct, with the margins of 
alveoli smooth; the lumen of the alveolus is obscure, and 





1 Verhandl. Naturhist, Med. Voreins, Heidelberg, Ba. i (1877), Hf. & 





352 TISSUES AND MECHANISMS OF DIGESTION, 


inner zone, bordering on the cavity of the alveolus, and as 
secretion gocs on, evidently diminish in number, the whole 
cell becoming hyaline and transparent from the outer horder 
inwards; at the same time the bloodvessels dilate largely, 


A 


A portion of the Pancreas of the Rabbit (Kuhne and Sheridan Lea) A anrest, Dina 
state of activity. 


@, the Inner granslar xone, which ia 4 is tanger and more closely studded with fine 
ramules than in &, in which che granules are fewee and coarser. 


6, the cuter transparent zone, small in 4, larger in J, and In the later marked with 
faint stein 


£, the lumen, very obvious in 8, but indistinet in A. 
dan indentation at the junction of two celts, ween In J, but not occurring in A, 


and the stream of blood through the capillaries becomes full 
and mepid. 

We have already seen, p. 330, that, in order to obtain an 
actively proteolytic uqueous pancreatic extract, the animal 
must be killed during full digestion, This statement now re- 
quires modification, 

If the pancreas of an animal, even in full digestion, be 
treated, while still warm from the body, with glycerin, the glye- 
erin extract is inert, or nearly 90, a8 regards proteid bodies. 
If, however, the same pancreas be kept for twenty-four hours 
before treating with glycerin, the glycerin extract readily 
digests fibrin und other proteids in the presence of an alkalt. 
If the pancreas, while still warm, be rubbed up in a mortar 
for a few minutes with dilute acetic acid, and then treated 
with glycerin, the glycerin extract is strongly proteolytic. If 
the glycerin extract obtained without acid from the warm 
pancreas, and therefore inert, be diluted largely with water, 
and kept at 35° C, for some time, it becomes active. If 
treated with acidulated instead of distilled water, its activity, 
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ae judged of by its action on fibrin in the presence of sodium 
vases, is ris sooner developed. If the inert glycerin 
extract of warm pancreas be precipitated with alcohol in excess, 
the precipitate, inert ax a proteolytic ferment when fresh, be- 
comes active when expoasd for some time in an aqueous solu- 


tion, rapidly so when treated with acidulated water. These 
featsshow that 


ing fall di ; mi 
tare ix present in it a body which, Ye: kind of decompo- 
sition, gives birth to the ferment. They further show that though 
the presence of an alkali is eeential to proteolytic action of 
the actual ferment, the formation of the ferment out of the 
body im question is favored by the presence of an acid, To 
this body, this mother of the ferment, Heidenhain has given 
ae ve of zymogen.’ It has not at present been satisfactorily 
isolated, 

Hence, in judging of the functional activity of the pan- 
ereas under yarious circumstances, we must not look to the 
ready-made ferment, but the ferment giving zymogen. And 
Heidenhain has made the important observation that the 
amount of zymogen in a pancreas at any given time rises and 
sinks pari pase with the granular inner zone. The wider the 
inner zone the larger the amount, the narrower the zone the 
amaller the amount of zymogen; and in cases of so-called 

ytic secretions from old-established fistulw, where the 
juice is wholly inert over proteids, the inner granular zone is 
absent from the cells, Evidently so far from the proteolytic 
ferment being simply drained olf from the blood, in the first 
place the actual ferment is formed in the pancreas out of the 
ay , and in the second place the zymogen of the inner 
granular zone is formed in the cell itself out of the homoge- 
neous outer zone. We have in fact two distinct processes to 
deal with: (1) the manufacture of zymogen; this is part of 
the growth or nutrition of the cell, and is slow and continued ; 
(2) the splitting up or conversion of the zymogen into the 
i¢ ferment; this is the real act of secreting, and is 
t and rapid ; this is the form of activity which can 
be called forth by nervous impulses, the form of activity 
which is comparable to a muscular contraction. 


The thought at once itself’ that the appearance of an 
acid in the protoplasm of e cell under circumstances similar to 

1 Or zymogen may be reserved as a generic name for “ mother of 
forment;'' In that ‘Sun the ticular Rother of the pancreatic pro 
teolytic ferment might be called érypsinogen. 
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those which give rise to the acid formed during muscular sontrac- 
tion, might be the immediate cause of the zymogen becoming con- 
verted into ferment. 


Tn the case, then, of the proteolytic ferment of the pancreas 
we have striking proof that the process of secretion, both in 
its preparatory and executive stages, is a laborions, active, 
manufacturing function of the cell, and not simply a passive, 
selective, filtering function, How fur this is also true of the 
other ferments of the pancreas, and of the active constitu- 
ents of the other digestive juices, cannot at present be author- 
itatively aflirmed, but we have, both in the case of the stomach 
and of the salivary glands, facts pointing very distinctly in 
that direction. 

In the gastric glands of an animal previous to taking a meal, 
the central (as nieciceaahed from the ovoid [acid] or “ pep- 


tie”) cells are pale and finely granular, and in sections 

from glands hardened in alcohol, do not stain readily with 
carmine and other dyes. During the early stages of gastric 
digestion, the same cells are found somewhat swollen, but tur- 


bid and more coarsely granular; they stain much more readily. 
At a later stage they me smaller and shrunken, but are 
even more turbid and granular than before, and stain even 
still more deeply. This is true, not only of the central cells of 
theso-called peptic [acid] glands, but also of the cells of which 
the so-called mucous [peptic] glands of the pyloric end of the 
stomach are built up. (the ovoid [acid] or peptic cells them- 
selves during digestion appear swollen, and project moro on the 
outside of the gland, but otherwise appear unchanged.) Eyi- 
dently, during digestion, the central cells become changed in 
nature 4o as to be more readily stained with carmine and at the 
same time loaded with a more closely granular material.* 


To the glands of the pylorus there is seen in the lumen also of 
¢ gland a granular material, which, since it makes its appearance 
after the mechanical stimulation of the membrane of an emy 
stomach, cannot, when it occurs during Sigesticn, be as 
ey fay oa food about to be absorbed. ‘The granular character 
of the cells themselves therefore must slso come from within, aud 
cannot be due to material absorbed from the cavity of the stomach, 
It will be observed that the phenomena of the gastric cells are 
somewhat different from those of the pancreatic cells. In the case 
of the pancreatic cell it is the part of the cell which contains the 
granules which does not stain readily; and the granules make their 
} Heidonhain, Archiv f. micr. Anat., vi (1870), r 868. Rollett, Ua- 
torsuch. a. d, Inst. £. Physiol. a. Hist, in Graz, HA. ii (1871), p. 143. 
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ies are sctoally 
so call the granules are really cletacets 


as 
been a great dispnte as to whether the pyloric end of 
taining the so-called peptic glands only, has 
rexarches of Heidenhain' have decided 
led in isolat- 


Fe 
u 


a wantity of viscid alkalin 
il lorie acid ray 


i 
i 
z 


BF 


Hc action. A reooneil 

ry statements = perhaps be found in the 
in extract of the fresh pylorus, even in 
hloric acid, is inert, care being taken to 
ture with the sre “eats cardi: iat eed $0 ins 
same part ray peptic. seem, 
that the tte glands are free from actual pepsin but 
inogen, is pared to pancreatic xymogen, which by 
, au acid is split up into pepsin. peat ieeren 
Pepsinogen differs from zymogen in being insoluble in glycerin, 
while ths latter is, as we have seen, frotly soluble in that fluid. 

‘This point requires to be more fully worked out. 


a 


We may therefore with good reamon. suppose peed pe is 
i 


formed by the direct activity of the gastric cella; in that 
whiel it in blood, in musele, and in 
pws in the gastric juice, but 
from the stomach and in- 
from the body. 
the gastric juice is very 
obseure. It seems natural to su that it arises in some 
way from the decomposition of sodium chloride; but nothing 


.. ) Piltiger's Archiv, xviii (1878), p. 169; also Klemensiowlez, Wien. 
bt, Bd. 71, Mareb, 1875. 

‘Ebstein and Gratzndr, POager's Archi, viii (1874), p.122. Grate. 
ner, Uatervnch. d. Bild. u. Auschied. d. Pepin, 1873. 

2 "Tho preance of peraln in blood Ia ono roason why bollod fibrin 
BAata he ima TS poetic experiments rather than Taw. The tolling 
Aéstroys the pepsin clinging to the fibrin. 

* Brilcke, Moloschott's Untorsuch., vi, 474, 








One thing, however, seems certain, that the acid is formed 
at the surface of the gastric membrane. 


the reaction of the mucous merbrane of the stomach be 
hs the asin the Jong 
confined to 
lands, also 


al 
ped only an the 


and not in the depths of the gland, showing that an acidity 
cient to allow of ¢ pee fing teee pe cad 


Heidenhain has made the suggestion not only that the central 
cells manufacture pepsin (or pepsinogen), (and of this after the 
ee ee powers of the pylorous there can be hardly 

loubt), but also that the large ovoid (peptic) cells manufacture the: 
neid of the gastric juice. Since the ovoid cells He chiefly in the 
middie portions of the gland, the superficial development of the 
acid requires, on this view, some seecal explanation. In favor of 
such a function of the " ovoid’ cells hna been adduced the curious 
cireumstance that in the frog pepsin is largely present in the 
part of the oesophagus, where cells altogether like the ‘central’ 
cells of' the gastric glands are abundant, whereas the stomach itself, 
which is richly supplied with “ovoid or ie cells, appears to 
Hecrete an neid fluid, which when the weophagus is ligatured is ex- 


tremely poor in pepsin.” 


In the caze of the salivary glands the phenomena, to a cer- 
tain extent, differ according as the gland is « “ mucous” gland, 
i.e, one containing a larger or smaller number of ces er 
ducing cells, and seereting a more or less viscid mucous saltva, 
or a “serous” gland, «, ¢, one containing no such mucus-pro- 
ducing cells, and secreting a thin limpid saliva free 
mucus. The mbes gaa of the dog may be taken as 
the type of mucous ¢! Tf a section is prepared of this 


scr Liebig’s Annalen, Ba. 173 (1874), p. 297. 
Sri Pattee Archie! ail (18tG, fH, Partech, Archty 
micros. Ant., xiv (1877), 179. 
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gland when at rest, i ¢, when it has not for some time been 
actively secreting, the cells of the alveoli (Fig. 110) are found 
not to ee . ily pili Restate ane this Inck alive oo 
ay to ue to ot it the greater ie 

shal, of the cells has become converted rae pele a 
ing substance, only a small portion of unchanged protoplasm, 
easily staining with carmine, remaining round the nucleus, 


Section of a Mucoce™ Glasd. A, In a state of rest: 
time actively secreting. —After La 
a, demilene cells. ¢, leucocytes lying In the inter-alveetar spaces. The darker shad- 
fg Ie beth figures it intended to indicate the amount of staining. 


In addition to these “ muciparous cells” are seen a number of 
smaller half-moon-shaped (demilune) cells, the protoplasm of 
which stains deeply with carmine. These half-moon cells which 
lie outside the muciparous cells, between them and the base- 
ment membrane, are apparently young cells, frequently pos- 
sess two or more nuclei, and in general seem to be in a state 
of active growth and multiplication. 

When similar sections are prepared from a gland which 
has been thrown into long-continued activity by stimulation 
of the chorda,' the muciparous portion of the alveolar cells, 
that portion which does not stain rapidly, is found to have 
diminished, and the protoplasmic staining portion to have 
increased in quantity in proportion to the amount of stimu- 
lation (Fig. 110. B), To some cases no muciparous cells can 
rapa seen; all the cells are «all, all are alike com- 
posed of protoplasm, and all stain deeply. Tt has been dis- 
puted whether a mucipnrous cell simply discharges its mucin, 





1 Of. Lavdowsky, Archiv f micros. Annt., xiii (1877), p. 281. 
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ee nucleoli, Mie whole cell at the same 
after prolonged stimulation, becoming distinctly 
the above facts heat it is clear that in the 
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from the cell. The cell is cae thus festa up entirely or 
pee in dimensions ; ee coincidently a rejuvenescence of 
Ieee of the remnant of tho cell itself or of 
, and the old cell is thus 
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re the secretion does 


livary , through the pancreas and gastric gland and 
serous gland stimulated by the sympathetic to the serous gland 
stimulated by « cerebrospinal nerve, in each of which more 
or les change of tie an explosive decomposition, leading to = dis- 
icrdeantney material, is accompanied by an increased 
ee whereby the supply hiy of a further socre- 

In the Inst case, sate 


ion to discuss the exact nature of the 
d by stimulation of the chora 





‘ Tisidentain, Paiiger’s Archiv, xvii (1878), p. 
# Wien, Sitzn ~aanas xxv (1867), p. 3. 
+ Lebrb., p. 6 (1806), 
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During mastication the food is moved to and fro, and rolled 
about by the movements of the tongue [and is kept between 
the teeth of the upper and lower jaws by # conjoint action of 
the tongue and cheek muscles]. movements are effected 
by the museles of that organ, and which are governed by the 


les 

hypeeiomel nerve. 

act of mastication is a voluntary one, guided, as are 90 
many voluntary acta, not only by muscular sense, but also by 
contact sensations. The motor fibres of the fifth cranial nerve 
convey motor impulses from the brain to the muscles; but 
paralysis of the sensory fibres of the same nerve renders mas- 
tication difficult by depriving the will of the aid of the usual 
sensation. 


Deglutition.—The food when sufficiently masticated is, by 
the movements of the tongue, gathered up into a bolus on tlie 
middle of the surface of that organ. The front of the 
tongue being raised—partly by its intrinsic muscles, and partly 

“by the stylo-gloesus—the bolus is thrust back between the 
tongue and the palate through the anterior pillars of the 
fauces or isthmus faucium. Immediately before it arrives there, 
the soit palate is raised by the levator palati, and so brought 
to touch the posterior wall of the pharynx, which, by the 
contraction of the upper margin of the superior constrictor of 
the pharynx, bulges somewhat forward. The elevation of the 
soft palate causes a distinct rise of pressure in the nasal cham- 
bers; this can be shown by introducing a water manometer 
into one nostril, and closing the other just previous to swal- 
lowing. By the contraction of the palato-pharyngeal muscles 
which lie in the posterior pillars of the fauces, the curved 
edges of thase pillars are made straight, and thus tend to meet 
in the middle the emall gap between them being filled up 

the uyula. Through these mancuvres, the entrance into 


to. moet 
¢ drawn 


epielotts itself ix depressed 
rtilage is now, by the action 
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‘ith the tongue a sm: 
touching the fauces with the 


the fauces are carried up chiefly by the gloss 
branches of the fifth, and by pharyogeal 
ior laryngeal division of the hi eu ‘he 
Soon ie em sieeyogel, hermes oe 
glosso-pharyngeal, the hs 
weal plexus, the fifth fund the facial, tothe muscles 
and pharynx: their exact paths being as yet 


pechedhe Sins anis erase ia rise 


flex acts, the whole movement can be called forth by stimuli 
affecting the centre directly, and not acting on the usual af- 
cree of the pharyngeal 

successive segment constrictors 
contracts in sequence from above downwards, the bolus is car- 
ried down into the upper end of the weophagus. Here it is 
subjected to the influence of a peculiar muscular action known 
as ‘istaltic.” Since this kind of muscular action is, with 


rectum, 
order 
that part of the canal where it is comparatively simple in 
nature, and has been best studied, viz., in the small intestine; 
and afterwards to deal with the yaristions occurring in par- 
ticular places and under special circumstances, 


Peristaltic Action of the Small Intestine —We have already 
seen, in treating of unstriated muscular fibre (p. 145), that a 
stimulus applied toany part of the small intestine gives rise 
ta circular contraction, or contraction of the circular mus- 
cular coat, which travels Iengthways asa waye along the in- 
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finn 
li 


Among the chief circumstances affecting peristaltic action 
Py mentioned in the first place the condition of the blood. 
or an excess of carbonic acid in the blood 

movements. This is well seen in asphyxia, 

istaltic movements witnessed on open- 


tion of the blood with oxygen, as in the pecul 
Known as apnoa (see chapter on Respiration), tends to check 


ic movements, 


Tn the second place, peristaltic action is largely influenced 
by nervous influences pasting along the splanchnie and vagus 
nerves, The movements willigo on after section of both these 
nerves; but, asa general rule, while stimulation of the splanch- 
nic tends to check," that of the v: tends to excite them. 
It is probably through the vagus that peristaltic movements 
ean be effected ina reflex manner, as in that increase of the 
movements of the intestine in consequence of emotions, which 
has given rise to the phrase “my bowels yearned.” 


Tt is generally stated that sudden sto) of the blood-current 
eacties yertalts action, ths explanation piven beg that, ax after 


Bo ics ath, there is an accumulation of carbonic acid and a lack 
‘Oxygen in the intestinal tissues, Van Braam Houckgoest,? how- 


ever, states, on the contrary, that it brings the intestine to rest; and 
FNaaee! fond that the injortion of art ial blood, at a high pressure, 


vi (1872), p. 
yalold- Dariaet 
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caused very powerful movements. On the other hand, ex; 
Sic has teen conmidered ne’an exeith cause of the mover 
meee a ory lage am amount of movement may 
ed, ang ope he staheones ‘even in anit 
oy neon is movements continue whi 

ea is poclisti in weak sodium omen solation and ayers 
thereby excluded from direct contact with air, = cannot be: 

uted to mere expusure._ aerogenes stimulated while 
active movement is going on, the i — bra 
to rest. Since, at the same time, the ‘bloodvomols of ther iatestina 
are by the raso-constrictor action of the shacks constricted, the 
Milments ‘of the intestine may be in x 
supply.’ H homeres de denies this, on aa ground that when 
by exposure to the air the bloodvessels of the intestine are so far 
paralyzed as to be no longer constricted by the action of the splanch- 
nic, quiescence of the intestine is still observed om irritating that 
ihe enn thus ity oe to be a direct’ lepers eee 

itie action, wi the ja 

vant or accelerator nerve. It is retainers after postion of 

splanchnics peristaltic movements are more active and more readily 
bronghe about by stimolation of the ¢ vas than ae the ie 
nics ure entire, According to Ludwig, however, stimulation of the 


splanchnic, while it stops an already: rele pestle action, will 


yw on the movement when brought to 
viously at rest, 
When the vagus ix stimulated, peristaltic contraction is seen to 
begin at she lars of the pineal goir nn foe tet 
Tt has been stated that no so-called antiperistaltic action, 
tints e a wave of contraction passing upwards instead of downwards 
ee intestine, ever occurs naturally in the intestine, the back- 
undoubtedly geen when an Sarees ee exists: es 
Piste bein snp de Yo cain tam 
jowever, the duodenum is mechanically: wipulsten, sy a oe 
ant an antiperistaltic wave may be ol former 
ate ceasing at the ileo-eccal valvo Poot before, the latter 
ing up and ceasing at the pylorus, And when in the 
CN kd ‘a ware, as occasionally happens, begins spontan 
am, it may sometimes be seen to pass both wy aC 
itis worthy of notice that stimulation of the sinall in- 
textine is sid not to cause movement cither in the stomach or 
intestine, and stimulation of the large causes no movement of tl 
small intestine, the ileo-cweal valve and the pylorus barring the prog- 
tess of the waves* = aa an 
such as nicotin, i luce strong peristaltic action; 
modus operandi of these and of the more specific purgative drags 
is at present uncertain. 


Having thus studied the general characters of peristaltic 


1 Back, Wien, Siteangsboriht, levi (1873) 
+ Lalieb., Ba i 
1 Hogeldiunn; Aliger’s Atchiv, dy (1871), p38: 


on an intestine pre- 
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action in its most marked form, we may briefly consider the 
#ame movement in other parts of the alimentary canal. 


Pea gad the Eso) rs —The —— it of the Hed, 
ic is y a peristaltic contraction 
the circular and longitudinal coats, resembling in its general 
characters that of the intestine. It differs, however, in being 
more clascly dependent on the central nervous system, a1 
may in fixct be considered as being in large measure a reflex 
act, with the centre in the medulla oblongata, both afferent 
and efferent impulses being supplied by the It may 
be readily excited by stimulating the central of the su; 
rior laryngeal nerve; and this nerve, since it is connected by 
its branch both with the mucous membrane of the 
pharynx and with the lower pharyngeal constrictor, may serve 
inspules sartod byt Deseo fd repeat by 
1} ic ce m ix or 
the muscular act of swallowing. Section of the frat of the 
vagus renders difficult the passage of food along the axopha- 
gus, and stimulation of the peripheral stamp causes esopha- 
geal contractions, Hence the motor tracts of the reflex act 
are to be sought for in the vagus also, The force of this 
movement is considerable; thas Mosso' found that in the 
dog a ball pulling ng means of a pulley pan a weight of 
grams was readily carried down from the pharynx to the 


shown that if, in a urarized frog, fluid be 
both stomach 


tion (the contraction of ihe pylorus preventing the descent of the 
fluid the duodenum) so long as the medal! bert and vag 
‘are intact. Destruction of the medulla or section of the vagi gives 
* Moleschott's Unterauch., x1 (1874), p. 327. * Loo. cit. 
* Piligor's Archiv, vi (1872), p. 616. 
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to have 


a of istaltic rhythmic movements, 
cae when pty tok , but quiescent; but 

‘tion of the organ 
which is the cause of the ae since the stomach is 


wey here is at a minimum when the (generally ivatine) 

been swallowed, and increases steadily onwards. It 
ey not, however, been definitely shown that. the increasing 
acidity is the efficient stimulus, giving rise to the movements, 


ms mochsnisim of the gastric movements is very per- 

from the anilogy of the intestine, one would 
inated in the stomach itself, being nx 

by the action of the central nervous system. 


and such movements a3 are occasioned 
semuletien are Taited in extent, and rarely put on all the Characters 
the natural com) bani contructions Since there arv abundant 
e in the walls aoe it may fairly be doubted whet! er 
automatic movements af the excised intestine are due to the 
mn of ganglia, otherwise why should not the ganglia in the 
nm set Up-spontaneous movements in that organ also? For if’ 
ganglia are Veoh ene the organs of automatic igen we should 


more rare than those seen in the intestine or even in the seophagas; 
by local mech: other 


which apply ete are conn 


ae 

om the fo 
itself’ cease, pete ie introdnetion of food 
is saxl to cause some amount of contraction, 
hy sthwulation of the peripheral stumps af 
stomach is full, bat not if it be empty. Neither 
of the splinchnice, ot, ‘or of the branches from 
woe is suid, on the stomach as far 
inelenis tinccrvemncs atte 
eee) of the intestine, are dependent on and 
tral nervous system, but the exact manner in 
med ail the proper share to be allotted to 
sisme, remain yet to be disoovered. 


92 
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fall when ite cavity is et rapt does not occur in the intestine; and 
this feature probably modifies all the nervous working of the angan. 

Nor do we know the exact mechanisin bs aoe the slaty eat 
is used to strain off gradually the caret lope gan 

The movements of evens fall stomach oe by Busch! to 

during sleep, 


Movements of the Large Intestine.—These are fundament- 
ally the «ame as those of the small intestine, but distinet in so 
far as the latter censt at the ileo-cecal valve, at which spot 
the former normally begin. 


ret, are said, however, not to, be inhibited by stimulation of the 
nics, 


The fieces in their passage through the colon are lodged in 
the saceuli ed the pauses between the peristaltic waves. 
Arrived at the si Samaid flexure, they are supported by the 
bladder and the. sacrum, so that they do not press on the 
sphincter ani. 


Defecation—This is a mixed act, being superficially the 
result of an effort of the will, and yet carried out by means 
of an involuntary mechanism. Part of the yoluntary effort 
consists in producin, & preasure-effect, by means of the ab- 
dominal museles. eee are contracted forcibly as in expira- 
tion, but the glottis being closed, and the escape of air 
the lungs prevented, the whole force of the pressure is brought 
to bear on the abdomen itself, and so drives the contents of the 
descending colon onward into the rectum. ‘The sigmoid flexure 
is by its position sheltered from this pressure; = body intro- 
duced per anum into the empty rectum is not affected by 
even pails contractions of the abdominal walls. 

The anus is guarded br the sphincter ani, which is habitu- 
ally in a state of normal tonic contraction, capable of being 
increased or diminished by a stimulus applied, either inter- 
nally or externully, to the anus, The tonic contraction is in 
purt at least due to the action of a nervous centre situated in 
the lumbar spinal cord.’ If the nervous connection of the 
sphincter with the spinal cord be broken, relaxation takes 
place. If the spinal cord be divided in the dorsal region, the 
sphincter, after the depressing efleet of the operation, which 
may laet several days, See passed off, still maintains its toni- 

. Archiv, xiv, p. 166, 
it, OP elt; Nasso, op, cit. 
* Masius, Boll, de l'Acad. Bde Belgique, xxiv (1967), p. 212. 
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‘ity, showing that the centre is not placed bi; up than the 
fee i. of the cord. The increased A eT al con: 
owing on local stimulation is probably due to a 
augmentation or inhibition of the action of this centre, 
‘The centre is also subject to influences proceeding from higher 
regions of the cord, and from the brain. By the action of 
the will, by emotions, or by other nervous events, the lumbar 
sphincter centre may be inhibited, and thus the sphincter 
itself relaxed; or augmented, and thus the sphincter tight- 
ened, A second item, therefore, of the voluntary process in 
defecation is the inhibition of the lumbar sphincter centre, 
and consequent relaxation of the sphincter muscle, 


According to Goltz,' in the dog after division of the dorsal cord, 
and consequent separation of the sphincter centre from the cerebrum, 
local stimu , Such as the introduction of the finger, causes not 
a steady increase or decrease of the action of the xphincter, but a 
Fythins atemation of ihtenine and relaxing The abscnee of 
this with an intact cord indicates some ure action of the 
cerebral centres on the lumbar centre. The conversion of the tonic 
into the rhythmic action also illustrates the close relationship he- 
tween these two kinds of movements. 

Thongh the tonic contraction of the sphincter seems so ‘ly de- 
pendent on the lumbar centre, still this dependence is probably not. 
an absolate one. In the case of a man in whom as the resalt of 
injury the sicral nerves were entirely paralyzed, and the sphincter 

had no nervous connection with the lumbar centre 

were a roundabout connection by means of the sympa- 

thetic), Gower’ observed the maintenance of a certain amount of 
tonic contraction which could be inhibited, and relaxation induced, 
stimulation of the mucous membrane of the rectum and anus. 


but which may nevertheless exist wi 

-ypese ay oped centre fips fe ‘il a a 
brain, the paralysis of the sphincter which occurs in certain 
a oe 5 


the 
corel bably due to inhibition of this contre, and 
Re pl pt ed ga — = 


‘Thus a voluntary contraction of the abdominal walls, ac- 
companied by a relaxation of the sphincter, might pres the 
contents of the descending colon into the rectum and out at 
the anus. Since, however, as we have seen, the pressure of 
the abdominal walls is warded off the sigmoid flexure, such a 
mode of defecation would always end in leaving the sigmoid 
flexure full, Hence the necessity for these more or leas vol 

4 Piliger’s Archiv, vill (1874), 460, 
1 Pree Roy Soe. kxrt (1STTh it 
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untary acts being accompanied by an entirely involui 
‘camtetace of the ietaltic action of the tage tits re 
sigmoid flexure. Or, rather, to describe matters in their proy 
order, defecation takes place in the following manner: "Phe 
sigmoid flexure and large intestine eae more and more 
fipecoger and Lot ied ristaltic action is excited in their 
walla, By this means See are driven against the sphine- 
ter, Through a voluntary act, or sometimes at least by a 
aie reflex action, the lumbar sphincter centre is inhibited 
and the sphincter relaxed. At the same time the contraction 
of the abdominal muscles presses firmly on the descending 
colon, and thus the contents of the rectum are ejected. 

Tt must, however, be remembered that, while in spealing 
to our own consciousness, the contraction of the al 
walls and the relaxation of the sphincter seem purely yolun- 
tary efforts, the whole act of defecation, including both of 
these seemingly 20 voluntary components, may take place in the 
absence of consciousness, and, indeed, in case of Goltz's 
dog,’ after the complete severance of the lumbar from the 
dorsal cord. In such cases the whole act must be purely re- 
flex, excited by the presence of fieces in the rectum. 


Vomiting. —In a conscious individual this act is preceded 
by feelings of nausea, during which a copious flow of saliva 
into the month takes place. This being swallowed carries 
down with it a certain quantity of air, the presence of which 
in the stomach, by assisting in the opening of the cardiae 
sphincter, subsequently facilitates the discharge of the gastric 
contents. The nausea is generally succeeded at first by inef- 
fectual retching, in which a deep inspiratory effort is made, so 
that the diaphragm is thrust down a low as possible against 
the stomach, the lower ribs being at the same time forcibly 
drawn in; since during this inspiratory effort the glottis is 
kept closed, no air can enter into the lungs; but some isdrawn 
into the phurynx, and thence probably descends by a swallow- 
ing action into the stomach, In actual vomiting this inspira- 
tory effort is suceceded by a sudden yiolent expiratory con- 
traction of the abdominal walls, the glottis still being . l, 
s0 that the whole force of the effort ix spent, as in d sion, 

stomach is, there- 


"Op. cit. 
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orifice of the stomach brought close under the dia- 
hile mppertatly be ® contraction of the fibres which 


ing stream. This, however, in severe vomiting is frequently 
ineffectual. 

‘Thus in vomiting there are two distinct acts, the dilation of 
the cardiac orifice and the extrinsic pressure of the abdomi- 
nal walls in an expiratory effort. ithout the former the 
latter, even when distressingly vigorous, is ineffectual. With- 
out the latter, 5 in urari poisoning, the intrinsic movements 
of the apa itself 74 rarely arp to do mre ae 
g gas, it may be, » very small quantity of or 
fad. Pyrosis or waterbrash is probably brought about by 
this intrinsic action of the Sani 

During vomiting the pylorus is generally closed, so that but 

material into the duodenum. When the gall- 
bladder is full, a copious flow of bile into the duodenum ac- 
companies the act of vomiting. Part of this may find its way 
into the stomach, as in bilious vomiting, the pylorus then be- 
ing evidently open. 

jie, showing that vomiting can take 
r is Substituted for the stomach, is said 

sphineter be remorod or the dilati 
ia by introducing his finger throug 
was able to ascertain by direct touch both the nor- 





4 Moleschott’s Untersuch,, x (1870), p. 363. 
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saw, in the case of a duodenal fistula, portions of food 
dren rithin fifteen or twenty minutes from the begine 
ee 


meal. Beaumont? gives a very full statement of the 
which various articles in the stomach 


les of food remained in the 


‘The length of stay, however, of the same 
under various cireutnstances. More- 
to make a fistalous stomach the 

Tn animals the 


variable, Heldeahat’ 


with 


Tn the presence of healthy gastric juice, and in the absence 
of any nervous interference, the question of the digestibility 
of any food is determined chiefly by mechanical conditions. 
The more finely divided the material, and the lees the proteid 
constituents are sheltered by not easily soluble envelopes, such 
as those of cellulose, the more rapid the solution. So, also, 
eer of hard-boiled egg, which have to be gradually dissolved 

the outside, are less easily digested than the more friable 
muscular fibre, the repeated transverse clea of which in- 
creases the surface exposed to the juice. Unboiled white of 

, agnin, unless thoroughly beaten up and mixed with air, 
is less digestible than the same boiled. The unboiled white 
forms a viscid clotted mass, of low diffusibility, into which the 
juice permeates with the test difficulty. And so with 
other instances, Beyond this mechanical aspect of indigesti- 
bility, it is to be remembered that different substances may 
differently affect the ic membrane, promoting or check- 
ing the secretion of the juice. Hence a substance, the mass 
Of which te readily dissolved by gastrio juice, and which offers 
no mechanical obstacles to digestion, may yet prove indigestible 
by 20 affecting the gastric membrane through some special 
constituent (or possibly in other ways) as to inhibit the secre- 
tion of the juice. 

‘That substances can be absorbed from the cavity of the 
stomach into the circulation is proved by the fact that food 
when introduced disappears very largely from the stomach of 
an animal, the P lorus of which has been ligatured. But we 
cannot speak with certainty as to what extent in ordinary life 
gastric al ion takes place, or by what mechanism it is 
carried out, The presumption is, that the diffusible sugars and 

¥Virebow's Archiv, Bd. 14 (1858), p. 140. 
2 Expos. and Obs. on Gastric Juice, 1834. 
* Pai 's Archiv, xix (1879), p. 148, 
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undigested starch may be found in the large intestine and 
even at times in the fivces. 

ae jorentic ose! as we have seen, a fats, and 

them into their respective fatty acids an cerin. 

see ose thus sct free become converted oy Dea 

the in¢ contents of the intestine into soaps; but to what 

extent saponification thus takes place is not exactly known. 

Undoubtedly soaps have to » small extent been found both in 

and in the thoracic duct after a meal; but there 

roof that any large quantity of fit is introduced in this 

Bouts! fats bot in porta blood, and especially ithe lac 

lood, an in the 

ii i result of the digestion of fatty matters; 

lity saponification in the intestine is a sub- 

. intended rather to facilitate the emulsion of 

than to introduce soaps as such into the blood. 

presence of soluble soaps favors the emulsion of neu~ 

ts. Thus a rancid fat, t. ¢., a fat containing a certain 


erueeryiis 
F 


line medium and on the solubility of the soaps which are 
formed ; hence some fats, such as cod-liver oil, are much more 
easily emulsionized in this way than others. Now the bile and 
Pancreatic juice supply just such conditions as the above for 
emulsionizing fats: they together afford an alkaline me- 
dium, the pancreatic juice supplies an adequate amount of free 
fatty acid, and the bile renders duly soluble the soaps thus 
formed. So that we may speak of the emulsion of fats in the 
small intestine as being carried on by both bile and pancreatic 
juice ' and as a matter of fact the bile and pancreatic juice 
do largely emulsify the contents of the small intestine, #0 that 
the paren turbid chyme is changed into a creamy-looking 
fluid, which has heen sometimes called chyle. It is advisable, 


however, to reserve this name for the contents of the Ineteals. 


TOF. Briicke, Wien. Sitzangeberichte, Bd. 61 (1870), p. 862; Stoi- 
nor Archiv {° Anat u. Physiol, 1874, p- 286; Gad, ibid., 1878, 





p 181; Quincke, Piliger's Archiv, xix, 1879, p. 129. 
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of the pean ns they ixsuc from the pylorus consist ver 
largely of eeth pen Mh aee EAD Ny eh 
pancreatic juice (with or without the assistance of the succus 
entericus), since the pepsin of the egal juice is either 
cipitated os the bile, or rendered inert by the een 
linity of the intestinal contents, To what stage the 
a ion is curried, whether peptone is chiefly perniges pe 
formed at once absorbed, or to what extent the pancre- 
Sto juice inthe body, an out of the body, carries on its work 
in the more destructive form, whereby the proteid material 
subjected to it & broken down rel into leucin and tyrosin, 
is at present not exactly known. Leucin and tyrosin are found 


in the intestinal contents, and are therefore formed durin; 
di 


normal 
fosiine 


nges clo occur in the small intestine is indi- 
Fico there does contain free 


ibe Semper das of the body to 
duce carbonic acid and pee in equl volumes Agwes stated 
tyre acid fermentation from sugar, carbonic acid 
wen are evolved in equal volumes. These ficts suggest 
Y which the carbo-hydrate coustituents of food may 
this butyric acid fermentation the 
is converted into a member of the fatty acid series; and it is 
i of possibility that, by’ fermentative cha 
eshe knecruteembora of the serie bay be 
vr.” But did butyric acid fermentations occur 
intestine, we should expect to find a large quantity of 
from the system by the bowel a or Tangs. 
of fact it ix discharged in small quantities only, Henee, 
enon ‘that the nascent hydrogen is used up in some 
Wotterapatansone processes of reduction, we must regard butyric 


VOp. eit. 
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probebie that in the yoluminous cecum of the herbiyora, a 
large amount of digestion of a peculiar kind goes on. We 
ns that i 2 herbivora a ible pee iF of cellulose 
on paing ned through the canal, and eyen in man 

— is ea rol deen digested. We are driven to suppose that 
this is carried on in the large intestine, 
we genet nothing of the nature of the agency by 

it is effected. The other digestive changes are probably 


Be this as it may, whether digestion, properly so called, is 
all but complete at the ileo-emcal valve, or wh important 
ch: the sympa in the large intestine, the chief 

ic of ay work done in the colon is a 
y_ the Fontes all the soluble constituents, and espe- 
Ely by the withdrawal of water, the liquid chyme becomes, 
as it approaches the rectum, converted into the firm solid 
faeces, and the color shifts from the bright orange, which the 
gray chyme gradual assumes after admixture with bile, into 
a darker and dirtier Teaen 


In the faces there are found in the first place the indigest- 
ible and undigested constituents of the ail shreds of clastic 
tissue, hairs and other cornoous elements, much cellalose and 
po ek from vegetable, and some connective tissue from 
ani , nts of disintegrated acealy ne fut- 
cells, and not unt 


i but arising 
as part of, or as ae revdatte et the eae secretions. ‘The 


cholesterin, yaebiliabin, inn and other fatty acids, lime 
and sim Fotpe, excretin (w non-nitrogenous crystalline 
sulphur, obtained by Marcet), and ‘salts, es 

magnesia. Cholalic acid (and dyslysin) are 

rer, Gey “quantities only, thus indicating that the 

in part at least destroyed (they may have 

ee ie past hglrentat eed p. 363), the le stable taurocholic 

| (of the dog) dippers more readily than the glyco- 
cholic avid (of the cow). The fact that the fieces become 
Co aa when the bile is cat off from the intestine, 
that the bile-pigment ix at least the mother of the fiecal 
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large part of the fat which enters the body from the intestine 
does pass through the lacteals, there can be no doubt; and 
as can behas Bedesoaly that a Mepemeiqre rater Ps 
peptone sugar pass into. portal jut 
we are unable to say at present how far the fat in its difficult 
pews into the lacteals is accompanied by soluble poptone or 
y lees diffusible forms of proteids arising as subsidiary pro- 
ducts of proteolytic digestion or by carbo-hydrate products. 


Characters of Chyle—tIn a fasting animal the contents of 
the thoracic duct are clear and transparent; shortly after a 
meal they become milky and opaque, the canes being en- 
tirely due to a difference in the quantity of the fluid brought 
to the duct by the lacteals, that fluid also being, as seen by 
inspection of the mesentery, transparent during fasting, and 
becoming milky and opaque after a meal, eapecially after one 
containing much fat. The contents of the thoracic duet, 


therefore, after a meal may be taken as illustrative of the 
nature of the chyle present in the lacteals, though strictly 
speaking the chyle of the thoracic duct is mixed with iy q 


coming from the intestines and from the rest of the body. 
During fasting the contents of the Iscteals agree in their 
general character with lymph obtained from other structures. 


‘The contents of the thoracic duct may be obtained by laying bare 
the funetion of the subelavian apd jugular veins and introducing a 
‘canula into the duct as it enters into the venous system at that point. 
‘The operation is pot unattended with difficulties 


Chyle obtained from the thoracic duct, after a meal, is a 
white-looking fluid, which after its escape coagulates, forming 
a not very firm clot. The nature of the coagulation seems to 
be exactly the same as that of the blood. The surface of the 
clot after exposure to air becomes pink, even though no blood 
be artificially mixed with the chyle during the operation ; the 
color ie due to immature red corpuscles proper to the chyle. 
Examined micreseopically, the coagulated chyle consists of 
fibrin, a large number of white corpuscles, a small number of 
developing red corpuscles, an abundance of oil-globules of 
various sizes but all email, and a quantity of fatty granules, 
too minute to be recognized under the microscope as fatty in 
nature, forniing the so-called “molecular basis.” Each oil 
ted is invested with an albuminons envelope ; this may be 

ved Hy ite aid of alkalies, whereupon the globules run 

together. The fibrin and white corpuscles are very scanty 

(and the red corpuscles entirely absent) in Lymph or ehyle 
38 
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whole blood may pass through the thoracic duct in twenty- 
four hours, and of this it is supposed that about half comes 
from food through the lacteals and the remainder from the 
Body as large; but these calculations are based on uncertain 


Entrance of the Chyle into the Lacteals—The lacteal be- 
gins a9 8 at hte tee (or bifureate) lymphatic space lying in 
the centre of the villus (p. 333), and connected with the smaller 


lymphatic spaces of the adenoid tissue around it; it opens be 
low Tito the submucous lymphatic plexus from which the Iac- 
teal vessels apring. The adenoid. tissue of the surrounding 
Ficoll of Lieberkiihn is by its lymphatic spaces connected 


o 
wil ie same lymphatic plexus. ‘Chat the finely divided fat 
does pass from the intestine, through the epithelial envelope 
of the villus, into the adenoid tissue, and 0 into the lacteal 
chamber, is certain, but much discussion has arisen as to the 
exact mechanism of the transit. The passage is probably as- 
sisted by the movements of the intestine, though even in the 
contractions of strong peristaltic movements the pressure within 
the intestine is never very great. Of more obvious use is the 
contraction of the villus itself. The longitudinal muscular 
fibre-cells, in contracting, pull down the villus on itself; the 
contents of the Incteal chamber are thus forced into the un- 
derlying lymphatic plexus. When the fibre-cells relax, the 
exnty Tata chamber is expanded; the chyle cannot flow 
from the lymphatic channels by reason of the valves 
in them, in consequence the lacteal chamber is 
illed from the substance of the villus, and thus the entrance 
into the villus of material from the intestine is facilitated. 
‘The villus in fact acts as a kind of muscular suction-pump. 


Merunowiea' finds the flow of lymph increased by muscarin poi- 
at attributes the increase of flow to the coincident increase 
‘ic movements of the intestine. 


an from the intestine into ¢ 
streani of fatty particles through the cell from with: 


Ludwig's Atbeiten, 1876, p. 117. 
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the enbclavian, will be assisted at every respiratory movement, 
since at-every inspiration the pressure in the venous trunks 
beeomes negative, and thus lymph will be sucked in from the 
thoracie duct, while the increase of pressure in the t veins 
during expiration is warded off from the duct by the valve at 
its ii Tn the third place, the flow may be increased by 
rhythmical contractions of the muscular walls of the lymph- 
atics themselves; but this is doubtful, since it is not clear 
whether the rhythmic variations seen by Heller’ in the mesen- 
tery of the guinea-pig were active or simply passive, i. ¢., 
caused by the rhythmic peristaltic action of the intestine, each 
contraction of the intestine filling the lymph-channels more 
fully. Lastly, it is quite open for us to suppose that just as 
camosis may give rise to increased pressure on one side of a 
diffusion i oye so the diffusion of substances from the intes- 
tines into the lacteals, or from the tissues into the lymphatics, 


may be itself one of the causes of the flow of lymph. We 


have at least, under all circumstances, one or other of these 
causes at work promoting a continual flow from the lymphatic 
roots to the prea veins. We have no very satisfactory evi- 


¢ flow of lymph is in any way directly governed 
by the nervous system. 


th 
is intact, absorption from the lymphatic sac takes place copi- 
amd the heart pumps out lange Toantilien of fuid by the 
1 Obt. Med. py IBA, pp 545. 
* Ludwig’s Arbeiten, 1878, p- 197, 
*Tbid., 1873, p: 51, 
+ Pilaiger's Archiv, y (1872), p. 53. 
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appear. The portal blood, moreover, during digestion con- 
tains « small bat appreciable quantity of soaps. 


[Fvo. 112. 


Diagrass thowing the larger Vesela cozcersed in the so-called Portal Circulation o 
System.—Afier Marsnats. 

The trunk, or bedy, is supposed to be divided Gown the iidille line, 90 a3 to show the 
avity off the thorax or chest above the arched disphragm, and that of the abdomen be- 
low tt, Ta the abdomen, /, is the liver; 2, the stomach; «a section of the ducdemum 
and pancreas: /, the small Inestiow: ce, part of the colon: r, the rectum : A, the lower 
end of the spleen, uid &, the right kidery. ‘The Mood of alll these parts i supplied 
through arveries which are Beanches of the abdostinal aorta, marked a. From the re¢> 
tum, 7, and the bidney.A, the blood is retursed by velo, which «nd im the great ascends 
ing vein, named the ascemfing vens cava, marked ¢, which conveys the venous blood 
directly through the diaphragst, and into the right side of the heart, ». But the blood 
from the ascmack, 2; spleen, wy duodenum and pancreas, a) small intestine, ¢/ und 
Large Imesilon, cv (excepting dhe rectum, +), is collected by veneus teaches, which end 
fxn Inrge venous trunk, named the vena porte, or postal vein, g, by which this venous 
Blood ie conveyed to and distrituced by branches threagh ibe liver, From this organ it 
a callacted by other vena, which unite to form hepatic veies, A, which then join the as- 
eendling vena cava, ¢, sind $0 reach the right side of the Reart.} 
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wh 


it 


lower intestine should 


To sum up, the evidence ix distinctly in favor of the fats 
passing bey are einer of i ssa a sugar 
passing large! ¢ portal veins; but there remains 
much Soube asto the conse and fate of a not inconsiderable 


Absorption by Diffusion.—It is evident, from the discussion 
just concluded, that simple diffasion is fr from explaining 
the whole transit of the food from the intestine into 
the blood, Nevertheless, it must not be supposed that the 


t and general of diffusion docs not make itself 
fit in the process oF Steortion, however much it may, in the 
case of various substances, be subordinated and held in check 
primes potent influences. Thus the passage of water from 

alimentary cavity into the blood, or from the blood inte 
the alimentary cavity, and the behavior of various inorganic 
salts, when taken as food or medicine, illustrate very clearly 
the influence of camosis. Meo Laken soa Say of e 

ity of watery matter the surplus water by diffu 
bead the blood, just as it paar through amealeaae of 
a dislyzer, with blood or serous fluid on the one side and 
water on the other, When an albuminous fluid of the specific 


+ Punks, Labrb,, Oth Aut, 5, p. 285, 
£0, Schinidt und v. Hecker, quoted in Funke, op. cit, p. 226. 
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Reaumor, Spallanzani, Tiedemann and Gmelin, Eberle (who fins 
obtained artificial digestion with Dee mucus and an aeid), Prout, 
Schwann (who first introduced the idea of pepain,' though Was- 
mann first obtained it in s comaherat ratively pure state), Bergelins and 
other chomists, we owe much. @ observations of Dr. Beaumont,* 
on fe coemne the accidental gastric fistula of Alexis St, 
Martin, not only added largely to our positive knowledge, but were 
also of indirect use as’ indi a method of investigation 
which has since proved so fruitful, The labors of Bidder and 
ide? and ichst were of great value. The publication of 
Bernard's work on pancreatic juice’ marked a distinct step in ad- 
Fance 5 but of far greater importance was the same illustrious p| 
's discovery of the vaso-motor action of the sympathetic (see 
he followed uy; a that was by Ludwig’s demonstration‘ of the 
bosrenmry activity chorda tym Srmpati, and enlarged, as this has 
been in turn, ax well i the labors of Ludwig and his school, ook, 
these of Bernard, Eckhard, Wittich, Heidenhain and others. 
idenhain’s later observations we have called 
Corvieart, | ampli- 





1 Miller's Archiv, 183%, p. 90. 

1 Expe. and Obs, on the Gastric Jnice and Phys. of Digestion, Bos 
ton, U, 5., 1834. 

* Die Verdanun; ny 1852. 

“Art. “Verdauang \er's Hand worterbuch, 1846, 

5 Méen-sur 1. Panctoas, 1658. 

"Zt, f. rat. Med. N. F., 4, pp. 256, 1851. 

1 Sar une Fonetion peu connie di Pancreas, 1857. 

* Virchow's Archiv, xxxix (1867), p. 180. 
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Saat ing (Figs. 114 and 115.) Each of these 

subdivide through several gradations, and ultimately termi- 
nate in eweal processes, which gradually become. ex; led 
towards their esxcal extremities, and present an appearance 
similar to that of the expanded of a funnel, hence they 
have been called the infindil The interior of each in- 


Fio, 14 Fo. 115, 


Fig. 114.—System of Alveclar Passages and Infirmdibula from che Alargia of the Lang 
of a Monikey (Cercopethecus} injecred with mercury ; magnified 10 diamevers, a, Tete 
minal beeochial twig; 8 4, infundibala; ¢, «, alveolar passages. 

Fie. 119,—Two small groups of air-cells, or énfumdibule, a, a, with alrcelia: 3, &, 
and the alvectar passages; ¢, ¢, with which the alrcells communicace, From a mews 
Lorn chil —Afier KGvatscen. 


fundibulum is marked by fifteen or treaty, incomplete cells, 


which are termed alveoli or air-cells, ese cells average 
about 0.25 mm. in diameter. Their walls consist of a delicate 
basement membrane, which is lined by # layer of pavement 
epithelium. This membrane forms by its reduplications the 
incomplete septa between the air-colls, The » in the 
intorior of an infundibulum is termed an int in passage. 

Each lobule or infundibulum is composed of an ultimate 
alveolar passage, with its terminal alveoli, and of nerves, 
bloodvessels, and lymphatics; all of which are bound together 
by atrostastic tissue, 


epuces are often less than the diameters of the 
‘enpillaries ure so arranged in the intercellular 
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tissue that both sides of the veasels are in contact with the 
walle of contiguous cells. 

‘The cartilaginous rings of the trachea and © bronchi 
keep them continually open. The smaller bronchi, in which 
these cartilages are absent, are capable of considerable expan- 


Fro. 116. 


Copiitary Network of the Pulmonary Bloodvessels in che Huma Lung, 


sion and contraction by virtue of their elastic and muscular 
tissues. The nerves of the Junge are derived from the pneu- 
mogastric and sympathetic. Blood is conveyed through the 
pulmonary artery to the lungs, where it is arterialized, and 
then returned through the pulmonary veins tothe heart. The 
lungs receive blood for their nutrition, principally, through 
the bronchial arteries.) 


We have already seen (Introduction, p. 16) that one par- 
tieular item of the body’s income, yiz., oxygen, is peculiarly 
asociated with one particular item of the body's waste, viz,, 
carbonic acid, the means which are applied for the introdue- 
tion of the former being also used for the yetting rid of the 
latter. Both are gases, and in consequence the ingress of the 
one ax well as the egress of the other is far more dependent 
on the simple physical process of di than on any active 
vital processes carried on by means of tissues. Oxygen passex 
from the air into the blood mainly by diffusion, and mainly 
hy diffusion also from the blood into the tisue; in the same 
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chea until equilibrium is once more established. This con- 
stitutes expiration ; the inspiratory and expi: act ir 

‘ing & respiration. The fresh air introduced into the up- 
per part of the pulmonary passages by the inspiratory move- 
mont contains more oxygen and leas carbonic acid than the 
stiri iediais i aripevetln the tases: By diffusion the new 
or air, as it is frequent |. gives up its ox: bo, 

‘takes carvonio:ocld frota, the olf or stationary aif, aa it 
has been called, and thus when it leaves the chest In expira- 
tion has been the means of both introducing oxygen into the 
cheat and of Sie Soe aeid from it. In this way, by 
the ebb and flow of the tidal air, and by diffusion between it 
and the stationary air, the air in the lungs is being constantly 
scent ey the alternate expansion and contraction of 


a 
in the lungs, the ] 
in fact one of partial distension. The clastic pulmonary 
ce fe Salad toa eotals) eetest a a! sree it is Adie 
to , Striving to asunder the pulmon: m the 
Vesey pleura; but this it cannot do, hetiuses e air can 
we no access to the plural cavi When, however, the 
be airtight, when by a puncture of the chest- 
air is introduced into the pleural chamber, 
ty of the lungs pulls the pulmonary away from the 
pleara, and the lungs collapse, driving out by the 
‘& considerable quantity of the residual air. Even 
wer, the Inngs are not completely emptied, some 
still rene the aircells and passages. It need 
be when the pleura is punctured, and air 
admittance from the exterior into the pleural 
of the respiratory movement is simply to 
of that chamber, instead of in and out of 
in consequence no renewal of the air 
lungs under those circumstances, 


ma 


pray 
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apparates shown is the ordinary cylinder-recording epparatus, The 


the ntrew Z, the cylinder can be raised or lowered, and by means of the screw Fitsspeed 
may be Increased of dimivished. 

‘The trmeheotomy tbe 1 fixed in the wachen ef an weimal is connected by india-sub- 
ther tubing with a glane T piece inserted into the large jar G. From the other end of 
the F plece proceeds x second plece of tubing é, the end of which can be either closed oF 

‘obsaricted at pleawine by means of the acrewclamp ¢. Feom the jar proceeds 
third piece of eabing df, conmected with a Mazey’s tambour # (see Fig. 63, p. 202), the 
lever of which / weites un the recending surface. When the tube # ix open the animal 
brenthes freely through this, and the movements in the air of G and consequently im the 
tambour sre slight, On closing the clamp ¢, the animal breathes ooly the wir coutsinnd 
inthe jar, and tbe movements of the lever of the tambour become consequently such 


Below the lover is seen a umall time-marker connected with an slectro-magnet, the 
current thivagh which coming fra a bastery by the wires «and y is made and broken 
bya clock-work or metrosome. 


He eebien of» pei of: the ivory button at one free end 

Lie ® yertebra behind and the tambour 

on the ‘Sermam - front in the line of the diameter 

aR distance between the free ends of the 

refully adjusted 2 that the button of the tam- 

i sternum, any variations in the length 

question will, since the framework of the tam- 

give rise to variations of pressure within the tam- 

tions of the “receiving tambour as it ix called 

hy & flexible tube containing air to a second or *re- 

tambour similar to that. shown in Figs. 63 and 118, the 

ich records the variations on a travelling surface, Vor 

measuring the extent of the movements, the instru- 

must experimentally graduated, In Marey's pneumo- 

‘elastic cman is used as aes peice girdle. When 

srcands, the inlle is elong: the a3 within it 

er of tho the tambour connected with it de ; 

egsited the chest contracts, the lever is elevated. 

?ea is Jocaiinny —— The mt aie 

may be register means of a needle, whieh is 

the sternum so as to rest on the diaphragm, the 
‘the needle being connected with « lever.” 


aaoen that in Fig. 117 inspiration begins somewhat sud- 
nly and advances. mgepiily. that expiration succeeds inspira- 
tion immediately, advancing at first rapidly, but afterwards 
wly. Such Lays a8 are seen occur between 

of inspiration. In 

ing, bardly any ny pa is ved between the 

extreme end of expiration and the beginning of inspiration, 


Vie db, Physiol. Laborat, p20. 


if] 


i ys 
iit 
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but in cases where the respiration becomes infrequent, pauses 
of considerable length may be observed. 

Tn what may be considered as normal breathing, the res 
piratory act is repeated about seventeen times a minute; and 
the duration of the inspiration as com) with that of the 
Ssrpstion {and such pause as may exist) is about as ten to 
twelve, 


‘The rate of the respiratory rhythm varies very largely, and in this 
aa'in tha volume itis very difloule to fs 'w aalinnetsny averages 
While Hutchinson places it at 20a minute, Vierordé puts it at 11.9, 
and Panke at 13.5. The frequency is greater in children than jn 
adults, but rises again somewhat after 30 years of ‘Quetelet 
ives the tale of respiration Of ew-born infute at 44% Stour Rar 
5 26; from 25 to 30, 16; from 30 to 50, 18.1 per minnte, 
The rate ix influenced hy the pesitidn of the body, being quicker in 
standing than in lying, and in lying than in sitting. - Muscular ex- 
ertion and emotional conditions a} it deeply, In fact, almost 
every evont which occurs in the body may influence it, We shall 
have to consider in detail hereafter the manner in which this influ- 
ence is brought to bear. 


When the ordinary respiratory movements prove insuffi- 
cient to effect the necessary changes in the blood, their 
rhythm and character become changed. Normal respiration 
gives place to labored respiration, and this in turn to dysp- 
nea, which, unless some restorative event occurs, terminates 
in asphyxia. These abnormal conditions we shall study more 
fully hereafter. 


The Respiratory Movements. 


When the movements of the chest during normal breathing 
are watched, it is seen that during respiration an enlargement 
takes place in the antero-posterior diameter, the sternum being 
thrown forwards, and at the same time moving upwards. The 
lateral width of the chest is also increased. The vertical in- 
crease of the cavity is not so obvious from the outside, though 
when the movements of the diaphragm are watched by means 
of an inserted needle, the upper surface of that is seen 
to deseend at each inspiration, the anterior walls of the abdo- 
men bulging out at the same time. In the female human sub- 
ject, the movement of the upper part of the chest is very con- 
spicuous, the breast rising and falling with every respiration ; 
in the male, however, the movements are almost entirely con- 
fined to the lower part of the chest. In labored respiration 
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in greater detail, and to study the means by which they are 
carried out. 


Inspiration.—There are two chief means by which the 
chest is enlarged in normal respiration, viz, the descent of 
the diaphragm and the elevation of the ribs. The former 
causes that movement in the lower part of the chest and ab- 
domen so characteristic of male breathing, which is called 
diaphragmatic; the latter causes the movement of the upper 
chest characteristic of female breathing, which is called costal. 
‘These two main factors are assisted by less important and sub- 
sidiary events. 

‘The descent of the dis; vein bg is effected by means of the 
contraction of ite numular bres. When at rest the dia- 


phragm presents a convex surface to the thorax; when con- 
tracted it becomes much flatter, and in consequence the level 


of the chest-floor ix lowered, the vertical diameter of the chest 
being proportionately enlarged. (Fig. 119.) In descending, 
the diaphragm presses on the abdominal viscera, and so causes 
&@ projection of the flaccid abdominal walls. From its attach- 
ments to the sternum and the false riba, the diaphragm, while 
contracting, naturally tends to pull the sternum and the upper 
false ribs downwards and inwards, and the lower false riba 
upwards and inwards, towards the lumbar spine. In normal 
breathing this tendency produces little effect, being counter- 
acted by the accompanying general costal elevation, and by 
certain special muscles to be mentioned presently. In forced 
inspiration, however, and especially where there is any ob- 
struction to the entrance of air into the lungs, the lower ribs 
may be a ese faty bo Soe of the din- 

hragm, that the girth of trunk at this point is obviously 
Gintuished. = 

‘The elevation of the ribs is a much more complex matter 
than the descent of the diaphragm. If we examine any one 
rib, such as the fifth, and observe that whi 
on ite 


rn 

be carried upwards but also thrown forwards. 

(Fig. 120.) rib may, in fact, be regarded ax a radius, 

moving on the vertebral articulation as a centre, and causing 

the sternal attachment to describe an arc of a circle in the 
36 
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ment must of necessity be carried further away in front of the 
spine. Since all the ribs have a downward slanting direction, 

sy must all tend, when raised towards the horizontal posi 
tion, to thrust the sternum forward, some more thay others, 


according to their slope and length. The elasticity of the 
sternim and costal cartilages, together with the articulation 
of the sternum to the clavicle above, permit the front surfixce 
of the chest to be thus thrust forwards as well as upwards, 
when the ribs are raised. By this action the antero-posterior 
diameter of the chest is enlarged. 


tara ey | to A. Ransome," the forward movement in inspiration, 
especkally Seppe nie, 18 60 great that it can only be sesount 


“8 ee expiratory bending in and inspiratory straightening of 


Since the ribs form arches which increase in their sweep as 
from the first downwards as fir at least as the 


py oF t approach towards the position 

of the one above it, the chest at that level will become wider 
rtion as the fifth arch is wider than 

elevation of the rib increases not only 

posterior but als the transverse diameter of the 

Further, on sccount of the resistance of the sternum, 

the angles between the ribs and their cartilages are, in the 





1 On Stethometry, 1876, p. 96. 
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in front aml the internal behind seems to point to both sets of mus- 

acting same end. The mechanical conditions, how- 
over, are in the case of these muscles so complex that a deduction of 
their actions from simple mechanical principles, or from the direc 


(Fro. i 


a | 


Biba tenis eo tonjoeSitinn ns se rseal <4 5-4 OA ane 
rubber bands, which represent respectively the exterzal and internal intercostal muscles. 
Diagram A representa the snacles ix a ttatc of reve, If, now, the band w and y was 
free wo costrsct, it ie chyious thar, im order v6 attain its sbottest length, it would mi 
time s position as in dingram (2. If,new, the bard wand s was free ts move, the con. 
‘verse would take place of what was seen when x and y became shorvened, ‘Thus, in 
diagram Bi, the crom-dars are depressed, 

‘The harris andy represent the exvermal intercostal muscles, which, by contraction, 
slevate the rls. ‘The bands a and = represent the Internal Interconsals, which, by 
contracting, depres the ribs.) 


tion of the fibres, must be opens & —e and dangeroas, 
Te 


les aerated Tene ba tusioren ™ nions experiment, 
that in the cat and the dog the internal i iatcwosea , along their whole 
hh, contract, even in the early stages of dh iyspnoss, alternately 
the diaphragm, and are therefore to be regarded as expiratory 
in aoa 


Next in importance to the external intercostals come the 
levators costarum, which, though small muscles, are able, from 
the nearnes: of their costal insertions to the fulerum, 
duct considerable movement of the sternal ends of 
The external intercostals and the levyatores costarum, with the 
senleni, may fairly be said to be the clewators of the ribs, i.c., 
the chief muscles of costal inspiration in normal breathing. 


Additional space in the transverse diameter is afforded probably 
by the rotation of the ribs on an antero-posterior axis, Sat this 


Tourn, Physlol,, ii (1879), p. 24. 
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the main a simple effect of elastic reaction. By the i 
ratory effort the elastic tissue of the lungs is put on 
stretch ; so long as the inspiratory muscles continue contract- 
ing, the tissue remains stretched, but directly those muscles 
x, the elasticity of the lungs comes into pla; dri 
out a portion of the air contained in them. ly 
elastic sternum and costal cartilages are, by the elevation of 
the ribs, put on the stretch; they are driven into a position 
which is unnatural to them, When the intercostal and other 
elevator muscles cease to contract, the elasticity of the sternum 
and costal cartilages causes them to return to their previous 
position, thus depressing the ribs and diminishing the dimen- 
sions of the chest. When the diaphragm descends, in push- 
ing down the abdominal viscera, it puts the abdominal walls 
on the stretch ; and hence, when at the end of inspiration the 
Sapir relaxes, the abdominal walls return to their place, 
and by pressing on the abdominal viscera, push the diaph 
up again into its position of rest. Expiration then is, in the 
main, simple elastic reaction; but it is obvious that sinee ex~ 
ternal work hax heen effected by the respiratory act, viz, the 
movement of the column of air, the reaction of expiration 
must. fall short of the action of inspiration; there must be 
some, though it may be a very slight, additional expenditure 
of en to bring the chest completely to its former con- 
dition, "This is, as we have seen, supposed by many to be 
afforded the internal intercostals acting as depressors of 
the ribs. these do not act in this way, we may suppose 
that the elastic return of the abdominal walls is accompanied 
and assisted by the contraction of the abdominal muscles. 
‘The triangularis sterni, the effect of whose contraction is to 
pull down the costal cartilages, may also be regarded as an 


Seay muscle, 
hen expiration becomes labored, the abdominal museles 
become im} it expiratory agents. By pressing on the 
contents of the abdomen, they thrust them and the dia- 
up into the chest, the vertical diameter of whieh is 
lessened, and by pulling down the sternum and the 
middle and lower ribs they lessen also the cavity of the chest 
in its antero-posterior and transverse diameters. They are, 
in fact, the chief expiratory muscles, though they are doubt- 
less assisted by the serratus posticus inferior and portions of 
the sucro-lumbalis, since when the diaphragm is not contract- 
ing, the di ion of the lower ribs which the contraction of 
thise muscles causes serves only to narrow the chest. As ex- 
Piration becomes more and more forced, every muscle in the 
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chiefly) effects exchanges with the stationary air; in conse- 
quence the expired air differs from inspire nir in several 
important particulars. 


1, The temperature of expired air is variable, but under 
ordinary cireurmstances is higher than that of the inspired air. 
Atan a temperature of the sbnosph , for instance at 
about 20° C., the temperature of éxpired air is in the mouth 
33.9°, in the nose 35.3°. When the external temperature is 
low, that of the expired air sinks somewhat, but not to any 
great extent, thus at —5.3° C. it is 29.8° ©. When the 
external tem; ure is high, the expired air may become 
cooler than the inspired, thus at 41-97 it was found by Val- 
entin to be 38.1°. ‘The exact temperature in fact depends on 
the relative temperatures of the blood and inspired air, and 
‘on the depth and rate of breathing. 


2. The expired air is loaded with aqueous vapor. The 
point of saturation of any yas, that is, the utmost quantity of 


water which any ares yolume of gas can take up as aqueous 
it! 


vapor, varies with the temperature, being higher with the 
higher temperature, For its own temperature expired air 
is according to most observers saturated with aqueous vapor. 
According to Edward Smith it is, when fasting, only falt 
saturated. 


$. When the total quantity of tidal air given out at any 
expinstion is compared with that taken in at the correspond- 
ing inspiration, it ix found that, both being dried and meas- 
ured at the same pressure, the expired air is les in volume 
than the inspired air, the difference amounting to about jyth 
DAGNG SETAE tolntiarcf the latter, “Hons, wheu aa sural 
is made to breathe in « confined space, the atmosphere is 
absolutely diminished, ns was observed so long ago n= 1674 
by Mayow. The approximate equivalence in volume between 
inspired and expired air arises from the fit that the volame 
of any given quantity of carbonic acid ix equal to the volume 
of the oxygen consumed to produce it; the slight filling short 
of the expired air is duc to the circumstance that all the 
oxygen inspired does not reappear in the carbonic acid ex- 
pired, some having formed other combinations. 


4. The expired air contains about 4 or 
oxygen, ond about 4 per cent, more cart 
6 
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pees maki quantity of nitrogen suffering but little 


‘Oxygen Nitrogen. 
Inspired air contains = 2s1_— 0.15. 
Expired" 16.033 70.567 


W. Edwards th hs tha absorbed in 
Seo eas i great 
an al 
fepeipny an 


acid (and poorer 
keer 


ihe tot 
a given aes ix increased. Si 
Termains the same, yoke 
acid in each breath ix 
ithe both ¢h tion of and pmduction 
¢ variations in both the consumption 
Vip aaa faced ar Oy wl be considered in 
connection with the respiratory changes of 


‘Taking, as we have done, at 500 cc. the amount of tidal air 
passing in and out of the chest of an average man, such a 
pane. will expire about 22 ce. of carbonic acid at ench 

reath; this, reckoning the rate of breathing at 17 « minute, 
would give over 500 liters of carbonic acid for the da: te 
duction. By actual experiment, however, Petten! 

Voit, of whose researches we shall have to speak pation’ 

determined the total daily excretion of carbonic acid in an 

ay man to be 800 Sopa rather more than 400 

liters 406), containing 218.1 grams carbon, and 581.0 gram 

xygen, the ox! SRen ‘actually consumed at the same time 
ape i ms. ‘This amount represents the gnees 

en in, not by the lungs only, bee by by 
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the whole body; but the amount of carbonic acid given out 
by the skin is, as we shall see, very slight (ten grams or even 
Jess), so that 800 grams may be taken as the average produc- 
tion of carbonic acid by an average man. The quantity, 
however, both of oxygen consumed and of carbonic acid given 
out, is subject to very wide varintions; thus in Pettenkofer 
and Voit's observations, the daily quantity of carbonic acid 
varied from 656 to 1285 grams, and that of the oxygen from 
594 to 1072 grams. These variations and their causes will 
be discussed when we come to deal with the problems of 
nutrition, 


_ The quantity of carbonic acid produced and oxygen commmed 
increases in man from birth up to sbout thirty years, and after that 
diminishes, In the female the quanti 4 alwass es, Uhamy that of 
nuin, increases up to puberty, remains during the menstrual life at 
a standstill, and after the climacteric declines. 


5. Besides carbonic acid, expired air contains various 
impurities, many of an unknown nature, and all in small 
amounts. Ammonia has been detected in expired air, even 
in that taken directly from the trachea, in which case its 

could not be due to decomposing food lingering in 

the mouth. According to Lossen, the amount given off in 
ordinary respiration in 24 hours is 6.014 gram. When the 
expired air is condensed by being conveyed into a cooled 
receiver, the aqueous product is found to contain organic 
matter, and rapidly to putrefy. The organic substances thus 
shown to be present in the expired air are the ewuse in part 
of the odor of breath. It is probable that many of them are 
of a poisonous nature; for an atmosphere containing simply 
1 per cent. of carbonic acid (with a corresponding diminution 
oxygen) hus very little effect on the animal economy, 
whereas an atmosphere in which the carbonic acid has been 
raised to 1 per cent. by breathing, is highly injurious. In 
fact, air so far impure by breathing that the car- 
bonie acid amounts to 0.08 per cent. is distinctly unwhole- 
seme, not so much on account of the carbonic acid as of the 
secompanying impurities. Since these impurities are of un- 
nature cannot be estimated, the easily determined 
carbonic acid is usually taken as the measure of their presence. 
We have seen that the average man Joads, at each breath, 500 
ec. of air with carbonic acid to the extent of 4 per cent. He 
will accordingly at each breath load 2 liters to the extent of 
1 vent.; and in one hour, if be breathe 17 times a minute, 
load rather more than 2000 liters to the same extent 





424 TISSUES AND MECHANISMS OF RESPIRATION, 


At the very least, then, a man ought to be supplied with this 
quantity of air hourly; and if the air is to kept fairly 
wholesome, that is with the carbonic acid reduced to 0.1 per 
cent., he should have ten times as much. 


Sre. 3. Tae Resrimarory Cuancrs ix mire Bioop, 


While the air, passing in and out of the lungs, is thus 
robbed of a portion of its oxygen, and loaded with a certain 
ipa of carbonic acid, the blood, as it streams along 

ie pu imonary capillaries, undergoes important correlative 

. As it leaves the right ventricle, it is venous blood 
of a dark-purple or maroon color; when it falls into the left 
auricle, it 1s arterial blood of a bright-scarlet hue. In passing 
through the capillaries of the body, from the left to the right 
side of the heart, it is again changed from the arterial to the 
venous condition. We have to inquire, What are the essential 
differences between arterial and venous blood; by what means 
is the venous blood changed into arterial in the lungs, and 
the arterial into venous im the rest of the body; what 
relations do these changes in the blood bear to the changes in 
the air which we have already studied? 

The facts, that venous blood at once becomes arterial on 
being exposed to or shaken up with air or oxygen, and that 
arterial blood becomes yenous when kept for some little time 
in a closed vessel, or when submitted to a current of some 
indifferent gas, such as nitrogen or hydrogen, prepare us for 
the statement that the fundamental difference between venous 
and arterial blood is in the relative rere of the oxy; 
and carbonic acid guses contained in each, From beth 
certain quantity of yas can be extracted by: means which do 
not otherwise maternally alter the constitution of the blood; 
and this gas, when obtained from arterial blood, is found to 
contain more oxygen and les carbonic acid than that ob- 
tained from venous blood. This is the real differential charac- 
ter of the two bloods; all other differences are either, as we 
shall see to be the case with the color, dependent on this, or 
are unimportant and fluctuating. 

If the quantity of gas which can be extracted by the mer- 
curial air-pump from 100 vols. of blood be measured at 0° C., 
and a pressure of 760 mm., it ix found to amount, in ronnd 
numbers, to 60 vols.* 


The vacunm produced by the ordinary mechanical air-puimp is in- 
' Or, at m presure of I moter, about $0 vols. 





CHANGES IN THE BLOOD. 425 


sufficient to extract all the gas from blood. Hence it becomes neces- 
sary to use either a large Torricelfian vacuum or a Sprengel's pump. 
Tn the farmer (Pig. 122) case two large zlobes of glass, one fixed and 
the other movable, are connected by a flexible tube; the fixed globe 


Fic, 122, 


Diagrammatic Hhastranica of Ludwig's Mercurial Gas-Pemp. 


A and Bare two glass globes, connected by strong beis-rubter vebes, a und 8, with 
‘two slmitlar gions globes} Av and 4°, is farther connected by seam of the stoposck ¢ 
with the receiver C containing the bibod (or other fled) t0 be analyzed, and 8 by means 
of the stopecek a aind the tabe ¢ with the receiver D for receiving the gases. A and 8 
‘are also counccted with exch other by merm of the sopcocks / and ¢, the Litter being 
‘so arranged that J akio commvenicates with JY by the passages’. ° and 5° being fall 
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dissolved in the water, that is to say, will be absorbed from 
the Leg naee ‘The quantity which is so absorbed will de- 
pend on the quantity of oxygen which is in the atmosphere 
above; that is to ee on presure of the oxygen; the 
greater the pressure of the oxygen the larger the amount which 
will be absorbed. If, on the other hand, water already con- 
ini deal of oxygen dissolved in it, be exposed to 
an atmasp! containing little or no oxygen, the oxygen will 
escape from the water into the atmosphere. The oxygen in 
fact which is dissolved in the water is in a state of tension, 
the degree of tension depending on the quantity dissolved ; 
and when water containing oxygen dissolved in it is exposed 
to any atmosphere, the point whether the oxygen escapes from 
the water into the atmosphere, or passes from the atmosphere 
into the water, depends on whether the tension of the oxygen 
in the water is greater or les than the pressure of the oxygen 
in the atmosphere. Hence, when water is exposed to oxygen, 
the oxygen either escapes or is absorbed until equilibrium is 
established between the pressure of the oxygen in the atmos- 
Hes above and the tension of the oxygen in the water below, 
result is, a8 far as mere absorption and escape are con- 
cerned, quite independent of what other guses are present in 
the water or in the atmosphere. Suppose a half liter of 
water were lying at the bottom of a two-liter flask, and that 
the atmosphere in the flask above the water was one-third 
oxygen; it would make no difference, as fur as the absorption 
of pavesnbr te water was concerned, whether the remain- 
ing two-thirds of the atmosphere were carbonic acid, or nitro- 
gen, or hydrogen, or whether the space above the or Wis A 
yacuum filled to one-third with pure oxygen. Hence it is said 
that the absorption of any gas depends on the partial pressure 
of that gas in the atmosphere to which the liquid isexposed. This 
is true not only of oxygen and water, but of all gases and 
liquids which do not enter into chemical combination with each 
other. Different liquids will of course absorb different gases 
with differing readiness, but. with the same gas and the same 
liquid the amount absorbed will depend directly on the partial 
pressure of the pu It should be added that the process is 
much influenced by temperature, Hence, to state th 
generally, the absorption of any gas by an: i 
on the nature of the gas, the nature of ¢! 
of the gas, and the temperature at wl 


Now it might be supposed, and indeed was once supposed, 
that the oxygen in the blood was simply dissolved by the 
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aan 
#3 


some peered i ip 
must, ag) blood, Bor ae alte a from being 
serum. Hence, in preparing heemoglobin, it is nec- 
rst of all to break mp the corpuscles, This be 
ition of chloroform or of bile-salts, or 
At is also of advantage previo 
te only on the red 
‘ap, an aqueous solution of beemoglobin 
alkalinity of the solution, when present, being 
‘cautious addition of dilute acetic acid, and the solvent 
aqueous modium being administered by the addition 
ite bulk of alcohol, the mixture, set aside in a tem- 


PEF 
uae 
Se 

; 


li 
Bi 


is 


one- 


perature of (° C. still further to reduce the solubility of the hwmo- 
lolita, crystallizes, when fhe blood rt is hae of ae 1 
cat, horse, inea-pig, ete, ystals my murat’ 
filtration, redimelved in water and recrystallized. 


ed in water and recry; 


goose, and some other ani 
ls being generally slender four- 
prisms, belonging to the rhombic system, and often a 

pearing quite acicular. The crystals from the blood of the 
guinea-pig are octahedral, but aléo belong to the rhombic sys- 
tem; those of the squirrel are six-sided plates. (Figs, 124, 
125, and 126.) The blood of the ox, sheep, rabbit, pig, and 
man, crystallizes with difficulty. Why these differences exist 
is not known ; but the composition, and the amount of water 
Of crystallization, vary somewhat in the crystals obtained from 
different animals, In the dog, the percent composition of 
the erystals is, according to Hoppe-Seyler,' C 58.85, H 7.82, 
N 16.17, 0 21.84, $030, Fe 43, with 3 to 4 per cent, of water 
Jobin con- 

ly present 


fied crystal: til 

color. A tolerably dilute solution pla c ; 

soup is found to absorb certain rays of light in a peculiar and 
characteristic manner. A portion of the red end of the spec- 


TUntorsuch., ili (1858), p. 370. 
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‘The Grat epectram of oxyhamagiobia | chat of ax exceedingly dilute sofatioa. That 
Of k selution intermediate between the fiest asl second spectra would reseaitie (n the 
Entemcity of ity adsceptios bunds the speetruin given as that of carboaic oxile kano. 


trum is absorbed, as is also a much larger portion of the blue 
end; but what is most striking is the presence of two strongly 


1s 
Tetrahedral, from Blood of the Pig} 


marked Hon-bands, lying between the solar lince D and 
E& (See Fig. 123.) Of these the one a, towards the red side, 


(Pea. 125. 


a4 
hee 


Mexagonal Crystals, trom Micod of Siquisrel. Ox these six-sided plates, prismatic erys- 
‘abe, grouped ina stellate manner, not unfrequently occur —After Foxx.) 
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is the thinnest but the most intense, and in extremely dilute 
solutions is the only one visible; its middle lies at some little 
distance to the blue side of D. The other, 8, much broader, 
lies a little to the red side of E, its blue-ward edge, even in 


Prismatic, feom Human Blood.) 


moderately dilute solutions, coming close up to that line, 
Each band is thickest in the middle, and gradually thins 
away at the edges, These two absorption-hands are ex- 
tremely characteristic of a solution of hamoglobin, Even in 
very dilute solutions both bands are visible (they may be seen 
in a thickness of 1 cm. in a solution containing T gram of 
hemoglobin in 10 liters of water), and that when scarcely any 
of the extreme red end, and very little of the blue end, is cut 
off. They then appear not only faint but narrow. Ag the 
strength of the solution is increased, the bands broaden, and 
become more intense ; at the same time both the red end, and 
still more the blue end, of the whole spectrum, are encroached 
upon. This may go on until the two absorption-bands become 
fused together into one broad band. The only rays of light 
which then pass through the hemoglobin solution are those in 
the green between the united bands and the general absorption 
at the blue end, and those in the red between the band and 
the general absorption at the red end. (See Fig. 123.) If 
the ¢olution be still further increased in strength, the interval 
on the blue side of the band becomes absorbed also, o that 
the only rays which pass through are the red rays lying to 
the red side of D; these are the lnst to disappear, and henee 
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the natural red color of the solution as seen by transmitted 
Hight Exactly the same a] are seen when crystals 
hemogtobin are 


with a micros; » They 
are also seen when arterial blood itself Cdituted with calle 
solutions so that the corpuscles remain in as natural condition 
as possible) is examined with the spectroscope, as well as when 
a of blood, which from the necessary exposure to air is 
always arterial, is examined with the microspectroscope. In 
fact, the spectrum of hamoglobin is the spectrum of normal 


arterial blood. 
Jobin, prepared in the way de- 
to the vacuum of the mercurial 


over and al 
composition (and which alone is given in the elementary com- 
position stated on p. 420), contain another quantity of oxy- 
. which is in loose combination only, which may 
Tinotated i from them by establishing a sufficiently low press 
ure. The change of color which ensues when this loosel 
combined oxygen is removed is characteristic; the erystal 
become darker and more of a purple hue, and at the same 
time diehroie, so that while the thin edges appear green, the 
thicker ridges are purple. 

An ordinary solution of hemoglobin, like the erystala from 
which it is formed, contains a definite quantity of oxygen in 
a similarly peculiar loose combination; this oxygen it also 
gives up at a sufficiently low pressure, becoming at the same 
time of a purplish hue. This loosely combined oxygen may 
also be removed by ing a stream of hig a or other 
indifferent gas through the solution, whereby dissociation is 
effected. It may also be got rid of by the use of reducing 
coe. ‘Thus, if a few drops of ammoniam sulphide or of an 
alkaline solution of ferrous sulphate, kept from precipitation 


by the presence of tartaric acid? be led to a solution of 
hemoglobin, or even to an unpurified solution of blood-cor- 
paseles uch as is aifyrded by the washings from a blood-clot, 
Lar Aa im loose combination with the hemoglobin is im- 

liately seized upon by the reducing agent. This may be. 
recognized at once, without submitting the fluid to the air- 





! Or, 1.84 measured at s pressure of 1 meter, 
7 Of Hafner, Zt. f. Physiol. Chom., | (1877), p. 317. 
* Stokes, Proc. Hoy. S0o., xiii (1804), p. 355. 
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the hemoglobin jie ite allowance and the remainder con- 
tinues reduced. the amount of oxygen be sufficient, the 
solution (or crystal), as it takes up the oxygen, regains its 
bright-searlet color, and its characteristic absorption ctrum,. 
the single band being replaced by the two, ‘Thus if a solu: 
tion of oxyhwmoglobin in a test-tube after being reduced by 
the ferrous salt, and showing the purple color and the single 
band, be shaken up with air, the bright-scarlet color at 
onee returns, and when the fluid is placed before the spectro 
scope, it is seen that the single faint broad band of the re- 
duced hemoglobin has wholly disappeared, and that in its 
place are the two sbarp thinner bands of the oxyhemoglobin, 
if leit to stand in the test-tube the quantity of reducing agent 
still present is generally sufficient again to rob the hemo- 
globin of the oxygen thus newly acquired, and soon the scar- 
Tet hue fades back again into the purple, the two bands givin, 
lace to the one, Another shake and exposure to air will 
however, again bring back the scarlet hue and the two bands ; 
and once more these may disappear. In fact, a few drops of 
the reducing fluid will allow this game of taking oxygen from 


the air and giving it up to the reducer to be played over and 
over aguin, and at each turn of the game the color shifts 
from scarlet to purple, and from purple to scarlet, while the 
two bands exchange for the one, and the one for the two. 


Color of Venous and Arterial Blood—Evidently we have 
in these properties of hamoglobin an explanation of at lenst 
one-half of the 1. respiratory process, and they teach us 
the meaning of the change of color which takes place when 
venous blood becomes arterial erial venous. In venous 
blood, as it ieues from the right vent the oxygen present 
is insufficient to satisfy the whole of the hemoglobin of the 
red corpuscles; much reduced hemoglobin ix present, hence 
the purple color of venous blood, 


When ordinary venous blood, diluted without access of oxygen, is 
brought before the spectroscope, the wwo bands of oxybsmoglobin 
are seen. This is explained by the fact that in a mixture of oxy: 

jin and (reduced) haemoglobin, the two sharp bands of the 
fornice are always much more readily seen than the much fainter 
Vand of the latter, Now in ordinary venous blood there is always 
note oxygen, removable hy diminished pressure or otherwise ; 
there is als some, indeed a conmiderable quantity, of oxyhemo- 
globin as well as (reduced) bamoglobin. It is only in the last stages 
of asphyxia that all the loose oxygen of the blood disappe 
then the two bails of the oxyhsemoglobin vanish too. 
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orp Sead har dere ie eal pic Lee 
some lence 1m 
therefore nay aid io darkeniug the venous blood. 


We have spoken of the combination of hemoglobin with 
se, being a peculiar one. The peculiarity consists in 
the that the oxygen may be associated and dissociated, 
without any general disturbance of the molecule of hemoglo- 
bin, and that dissociation may be brought about very ly. 
Hemoglobin combines in a wholly similar manner with other 
oat If carbonic oxide be passed through « solution of 

emoglobin, a change of color takes place, a peculiar bluish 
‘inge making its appearance. At the same time the spectrum 
is altered; two bands are still visible, but on accurate meas- 
urement it is seen that they are placed more towards the blue 
end than are the otherwise similar bands of oxyhwmoglobin. 
(See Fig. 123.) When a known quantity of carbonic oxide 
gas is sent through a hemoglobin solution, it will be found on 
examination that o certain amount of the gas has been re- 


hi fact, hemoglobin combines loosely with carbonic oxi fant 
as it does with oxygen; but its alfinity with the former ix 
greater than with the latter. While carbonic oxide readily 
turns out oxy; oxygen cannot so readily turn out carbonic 
oxide. |, carbonic oxide has been used as a means of 
driving out and measuring the quantity of oxygen present in 
any given blood. This property of carbonic oxide explains 
i . When the gas is breathed, the reduced 
the unreduced hemoglobin of the venous blood unite with 

the carbonic oxide, and henee the peculiar bright cherry-red 
color observable in the blood and tissues in cases of poisoning 
this gas. The carbonic oxide haemoglobin, however, ix of 
use in respiration; it is not-an oxygen-carrier, nay more, it 
fentily, though it does so slowly and eventually, 
carbonic oxide for oxygen, when the gas no longer 


£52 
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The exact nature of the proteid constituent has notas yet been 
clearly determined ; it was supposed to be globulin, hence the 
name hematoglobulin contracted into hemoglobin. The pro- 
teid which is precipitated when a solution of hemoglobin is 
exposed to the air, though belonging to the globulin fumily, 
has characters of its own. It has been named by Preyer’ 7G 
bin. It is free from ash. Hematin, when separated from its 
proteid fellow and purified, appears x3 a dark-brown amor- 
phous powder, or as a scaly mass with a metallic lustre, having 
the probable composition of C,, H,, Ny Fe, 0, It is readily 
soluble in dilute alkaline solutions, and then gives a charac- 
teristic spectrum (Fig. 123). 


An interesting feature in hematin is that its albatine solution is 
capable of being reduced by reducing agents, the spectrum changing at 
thereunetine, and that the reduced solution will, ikethe ha:moglobin, 
take mpoxygen in on bein ¢ brought into contact with air or oxy- 
gen, is would seem to indicate that the oxygen-holding power 
of hemoglobin is connected exclusively with its hrematin constitu 
ent. By the action of strong sulphuric acid hamatin may be robbed 
of all ita iron. It still retains the feature of posessing color, the 
solution of iron-free hematin being a dark rich browuish-red;” bat 
is no longer capable of combining loosely with oxygen. This indi- 
ates that the iron ix in some way asociated with the poctiliar res- 
piratory finotions of hismoglobin; though it is obviously an error 
to su 43 Was once supposed, that the change from venous to 
sree) bowl vonsistx essentially in a change from a ferrous to & 
ferric salt. 


‘Though not crystullizable itself, hamatin forms with hy- 
drochlori¢ acid a compound, occurring in minute rhombic 
the so-called hiemin erystals, 


The spectrum of hematin in an alkaline solution (Fig. st 
one broad band to the red side of the line J. The blue ond of the 
spectrum saffers mach absorption; and since the characteristic single 
band is faint, and only seen in concentrated solutions, the whole ap- 
pearance of the spectrum of bromatin is far less striking than that 
of hemoglobin, ‘The solutions are dichroic, of a reddish-brown in 
a ope of an olive-green in a thin layer. The spectrum of r= 
duced hematin is marked by two faint bands to the Mine side of the 
singke band of the mnreduced hmematin; there ix at the same time 
Jess alisorption of the blac end. The spectram of the so-called meid- 
hematin, © ¢, of hematin prepared, as spoken of above, by treat- 
ment with acetic acid anil ether, is marked by a very charactoristic 
sand easily seen band, @, in the red, to the blue side of ((Big. 123), 


* Die Blat-Krystalle, 1871 
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The Relations of the Carbonic Acid in the Blood. 


The presence of carbonic acid in the blood appears to be 
determined by conditions more complex in their nature and 
at present not so well understood as those which determine 
the presence of oxygen. ‘The carbonic acid is not simely dis- 
solved in the blood; its abeorption by blood does not follow 
the law of pressures. It exists in association with some sub- 
stance or substances in the blood, and its escape from the 
blood is a process of dissociation. We cannot, however, speak 
of it as being associated like the oxygen with the hemoglobin 
of the red corpuscles. So far from the red corpuscles contain- 
ing, as is the case with the oxygen, the great mass of the car- 
bonic acid, the quantity of this gas which is present in'a volume 
of serum is scaly greater than that which is present in an 
equal volume of blood, i. ¢., an equal volume of mixed cor 
puscles and serum. 

When serum is subjected to the mercurial vacuum, by far 
the greater part of the carbonic acid is given off; but a small 
additional quantity (2 to 5 vols. per cent.) may be extracted 
by the subsequent addition of an acid. ‘This latter portion 
may be spoken of as “fixed” carbonic acid in distinction to 
the larger “loose” portion which is given off to the vacuum. 
When, however, the whole blood is subjected to the vacuum 
all the carbonic acid is given off, so that when serum is mixed 
with corpuscles all the carbonic acid may be spoken of as 
“loose ;” and according to Fredericy,' the excess of carbonic 
acid in serum oyer that present in entire blood, corresponds 
to the fixed portion in serum which has to be driven off by an 
acid. Moreover, though the quantity of carbonic acid in blood 
is less than that in an equal volume of serum, the fenaion of 
the carbonic acid in blood is greater than in serum, 

Eotting these facts together it seems probable that the car- 
bonic ucid exists associated with some substance or substances 
in the serum, but that the condition of its association (and there- 
fore of its dissocintion) are determined by theaction of some sub- 
Stance or substances present in the corpuscles, It is further 

that the association of the carbonic acid in the serum 

with sodium as sodium bicarbonate, and it is even possible 
thut the hmwmoglobin of the corpuscles plays a part in pro- 
moting the dissociation of the sodjum bicarbonate, or even the 
tarhonate, and thus keeping up the carbonic acid tension of 


1 Compt. Rend., t, 84 (1877), p. 661, t. 85 (1878), p. 2. 
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the entire blood. But further investigations are necessary 
before the matter can be said to have been placed on wholly 
satisfactory footing. 


Gante! puts forward the view that a constituent of the red cor- 
proces (probably the hemoglobin) possess an afnity for sodium 
earbonate, and contnaly raving this from the serum, 
promotes the dissociation of the bicarbonate and the setting free of 
carbonic acid. He further suggests that so long as the tension of 
the earbonic acid in the seram is low, the Dera is able to 
aplit up even the simple carbonate, uniting with the sodium, and 
sotting free carbonic acid. As the tension in the serum i 
however, he sapposes th 
constant action and reacti 


The Relations of the Nitrogen in the Blood. 


The small quantity of this gas which is present in both ar- 
terial and venous blood seems to exist partly in a state of 
simple solution, partly in some loose chemical combination, 
but the conditions of the association are unknown. 


Seo. 4. Tax Respiratory Ceances i tHe Luxcs 


The Entrance of Oxygen.—We have already seen that the 
blood in passing through the lungs takes up a certain variable 

uantity (from 8 to 12 per cent. vols.) of oxygen. We have 
further seen that the quantity eo taken up, putting aside the 
insignificant fraction simply absorbed, enters into direct but 
loose combination with the hemoglobin. We have also seen 
that at low pressures the oxygen is dissociated from the hatmo- 
globin and set free, but not at high pressures, If the tension 
of the oxygen in the lungs is higher than the tension of the 
oxygen in the venous blood of the pulmonary artery, there 
will he no difficulty in the reduced himoglobin of that blood 


taking up oxygen; and this may go on until the hemoglobin 
of the blood in the pulmonary capillaries is all converted into 
oxyhemoglobin, or until the oxygen tension in the blood is 
increased so as to be equal to that of the air in the lungs 
Now the oxygen in the expired air amounts to about 16 per 
cent., having lost 4 or 4 per cent. in the lungs. Of course the 


Y Archiv f, Anat. u. Phys, 1878, Phys, Abth,, p. 499, 
+ Gf, however Bort, Conp. Rend., t. 87 (1878), p. G28. 





THE CHANGES IN THE LUNGS. 443 


y 
£ 
= 


¢ bottom of the lungs will contain still lew oxygen, 
uch leas we do not exactly know, but we may probably 
limit of reduction at 10 per cent. We may say, then, 
tension of the oxygen in the pulmonary alr-cells is at 
10 per cent., or to measure it in millimeters of metcury, 
the pressure of the one entire atmosphere is 760 mm., 
of that will amount to 76 mm. 
ow 
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while pass 
ing thi when the tension 
ol 


the oxygen in the air is lowered, as when the windpipe is 
batrnbted ond asphyxia sets in? It has been ascertained that 
in the dog, in the last breath given out in such an asphyxia, 
the expired air has an oxygen tension of 23 cent, and 
when the heart ceases to beat, the oxygen of tha palaaasey 
air sinks to 403 per cent. These tensions are of course lower 
than that of ordinary yenous blood, bat in asphyxia the blood 
is no | ordinary venous blood; instead of containing « 
comparatively smal! amount, it contains a large and gradually 
increasing amount, of reduced hemoglobin, And as the re- 
duced lobin increases in amount, the oxygen tension of 
the venous blood decreases; it thus keeps below that of the 
air in the lungs; and hence even the Inst traces of oxygen in 
the lungs are taken up by the blood, and carried away to the 
tissues, Even with the fast heart’s beat, when the oxygen in 
the longs hag sunk to 403 per cent., the bands of oxyhiemo- 
plobie may still for a moment be detected in the blood of the 
ft wide of the heart,’ 


The Exit of Carbonic Acid —It seems natural to suppose 
that the carbonic acid would exeape by diffusion from the 
blood of the alveolar capillaries into the air of the alveoli. 
But in order that diffusion should thus take place, the ear 

+ Strasburg, Piiger’s Archiv, vi (1872), p. 66. 
2 Wolffberg, Plager's Arch (1871), 465; vi (1872), 23. 
+ Stroganow, Pildger's Archiv, xii (1876), p. 18 
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ie netd in the expired air of the dog ix less than 
tan that fx the expired ale of man,” Maree 
normal of the lang when the yenous blood is 
il (which of course was not the case in the 
continuance sion | iis om the carbonic acid ten: 
limits the of 
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veoli is as hij 7.6 or 8 
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c than that of the venous blood, and that, there- 


18 to promote the escapa of 

c that the act of absorption 

bin in some way or other raises tempo 

the carbonic acid tension of the blood, ex gr.. 

ion of that function of the corpuscles o! 

z roms pies this it is 

is greater when 

ritation of the blood with air contuini 
en is 


giv 
driven throazh the pulmonary artery, and 
| manner through the walla ‘of the alveoli of 
lan when it was simply agitated with air. 


} Ludwig's Arboiten, 1889, p. 87. 
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a very considerable quantity of carbonic acid. Moreover this 
discharge of carbonic acid will go on for a certain time in 
museles under circumstances in which it is impossible for them 
to obtain from without. Oxygen, it is true, is neces- 
sary for the life of the muscle; when venous instead of arte- 
‘ial blood ig sent through the bloodvessels of a muscle, the 
irritability speedily disappears, and unless fresh oxygen be 
administered the muscle soon dies. The muscle may, however, 
during the interval in which irritability is still retained after 
the supply of oxygen has been cut off, continue to contract 
i ly. The pfeceence of oxygen, though necessary for 
the mainfenance of irritability, is not necessary for the mani- 
Sestution of that irritability, is not necessary for that explosive 
decomposition which develops a contraction. A frog’s musele 
will continue to contract and to produce carbonic acid in an 
atmosphere of Lyulroven of nitrogen, that is in the total ab- 
sence of free from itself and from the medium in 
whieh it A on And a considera erable quanti of carbonic 
may be set living my simply exposing it 
to the tem ure of Bolliog water! the suns om ly 
diminished if the muscle be thrown immediately before into a 
violent tetanus, 

Thus on the one hand the muscle seema to have the property 
of taking up and fixing in some way or other the oxygen to 
which it is exposed, of converting it into intra-molecular oxy- 
gen, in which condition it cannot be removed by simple dimin- 
ished pressure, go that the tension of oxygen in the muscular 
substance may be considered as always nil; while on the other 
hand the museular substance is always undergoing a decompo- 
sition of such a kind that carbonic acid is set free, sometimes, 


asm, 


tension of the muscle until it exceeds that of the blood; 
Whereupon it will pass from the muscle into the blood, its place 


PBtintxing, Piliger’s Archiv, xviii (1878), p. 388 
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be wided to blood, or to a solution of acoatouke ban 
mixture may be kept for a long time st the temperature of 
the body without sag hntae oxidation,” 


id fact 
Of the al ok pice when as samp 
ed blood; moreover the injection of sugar did not 
Oo crcanl end are lary ein 


Even within the body a slight excess of sugar in the blood 
‘s wens eacapes oxidation, and is 

fan’ aay ext oxidized substances, such 

eel 2 through the blood of a living 

The organic acids, such as 





ere Tainan 1877. Pavy, Pros. Roy. Soe., 
ren, 1868, p. 114. 
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thin layer of blood-plasma to the red corpuscle, and the re- 
duced li He yerous blood becomes wholly, or all 
but wholly, oxyhwmoglobin. Hurried to the tissues, the oxy- 
ata i salapas ‘igh tension in the arterial blood, 
ly into them. the tixsues the oxygen tension ix 
kept at an exceedingly low pitch by the fact that they, in 
some way at present unknown to us, pack away at every mo- 
ment into some stable combination each molecule of ox; 
which they receive from the blood, With much but not all of 
its oxyhemoglabin reduced, the blood passes on as venous 
blood. How much Reece is reduced will depend on the 
activity of the tissue itself. The quantity of hemoglobin in 
the blood is the measure of limit of the oxidizing power of 
the body at large; but within that limit the amount of oxida- 
tion is ined by the tissue, and by the tissue alone. 


Though the ity of carbonic acid expired 422) be 

ei en pipe greeter movement 
ling to Piliiwer, is to be rezarded as ¢] tof i 

ventilation rather than of increased belie production. ‘This 


lati 

physiologist! has brought forward strong evidence in favor of the 
view urged by him, that neither the extent of the respiratory move- 
inents por velocity of the flow of blood are to a 
prime factors determining the amount of general metabolism, It 
4s, acoortling to him, the quicker metabolism which determines the 
‘hore active circulation and the more vigorous respiration; not nice 
vere. 


‘We cannot trace the oxygen through its sojourn in the 
tisme. We only know that sooner or later it comes back 
combined in ‘ic acid (and other matters not now under 
consideration). Owing to the continual production of car- 
Donic acid, the tension of that gas in the extravascular ele- 
ments of the tissue is always higher than that of the blood; 

gas Scontingty passes from the tissue into the blood, and 
venous blood passes on not only with its hemoglobin re- 
i.e, with its oxygen tension decreased, but also with 
carbonic acid tension increased. Arrived at the lungs, 
blood finds the pulmonary air at a lower carbonic acid 
than itself. The gas accordingly streams through 
vascular and alveolar walks, till the tension without 


Bloodvessel is etal to the tension within. Thus the air 

‘ihe pulmonary alveoli, having given up oxygen to the 
(7 seein fl ildmanstles Lathe ite 

et Had vi (1872), p. 48; x (1875), p. 261; xiv (1877), 

& y Ibid, x; p. 868. Piakter and Oertmunn, ibid., xiv, 


pa 
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goes on without it. When both nerves are cut, the whole 
i m remains quiescent, though the respiration becomes 
excessively labored. 


‘The oecasional it ie movements of the diay ob- 
See tree Rica sien clen ot Uae shee peeaee 
from another point of view, do not militate against the above state- 
ment. 


When an intercostal nerve is cut no active ona 
movement is seen in that space, and when the spinal cord is 
divided below the origin of the seventh cervical spinal nerve, 
costal rae ceases, though the diaphragm continues to 
act, and that with increased vigor. When the cord is divided 
just below the medulla, all thoracic movements cease, but the 
respiratory actions of the nostrils and glottis still continue. 
These, however, disa when the facial and recurrent laryn- 
geal are divided. We have already stated that after removal 
of the brain above the medulla, respiration still continues 
very much as usual, the modifications which ensue from loss 
of the brain being unessential. Hence, putting all these frets 
together, it is clear that in respiration, co-ordinated impulses 
do, as we suggested, deseend from the medulla along the 
several efferent nerves. The proof is completed by the fact 
that the removal or injury of the medulla alone at once stops 
all respiratory movements, even though every musele and 
Lo nerve concerned be left intact. Nay more, if only a 
portion of the medulla, a tract whose limits ure not as 

& exactly fixed, but whieh lies below the vaso-motor centre, 
ween it and the ealamus scriptorius, be removed or injured, 
ee ceases forever, though every other part of the body 
be left intact. When this spot is excised or injured, breath- 
ing at once ceases, and since the inhibitory vagus centre is 
generally at the same time stimulated, and the heart’s beat 
arrested, death ensues instantaneously. Hence this portion 
of the nervous m was called by Flourens the vital knot, 
or ganglin of life, nowd wital. We shall speak of it as the 
‘The nature of this centre must he ex- 


docter al ible tala) Ba, 75 (1877), p. 8; been in 
dogs iy. jarin, respiratory efforia after division of the 
a pe ? 
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comes slower; if both be divided, it becomes very slow, the 
expiration and inspiration being excessively 

" haracter of the respiratory movement, too, 

changed, each respiration is fuller and deeper, so 

it what is lost in rate is gained in extent, the 

amount of carbonic acid produced and oxygen consumed in 
a given period remaining after division of the nerves about 
the same as when they were intact. It is evident from this, 
in the first place, that during life afferent impulses are con- 
tinually ascending the vagi and modifying the action of the 
respiratory centre, and in the second place, that the modifica- 
tion bears simply on the distribution in time of the eiferent 
respiratory siapelate, and not at all on the amount to which 


they are generated. These afferent impulses are probabl 

started in the lungs by the condition of the blood in the pul- 
capillaries acting as a stimulus to the peripheral end- 

iat the nerves, though possibly the altered air in the air- 


may also act as a stimulus on the nerve endings. 


that the mere movements of expansion and 

contraction may also serve as a stimulus. According to Hering and 

Brener,' when air is mechani iven into the chest, an expirt- 
movement follows, and when drawn out, an inspit 


ee 


to cut short that inspiration and to inaugurate the 
ration, and similarly the contraction of an expiration 
¢ following inspiration. They speak in fict of the lungs 
self-regulating. This view, however, though very 
can pertagn bardiy at presont bs regarded as proved.* 


When the central stump of one of.the divided vagi is stim- 
ulated with a interrupted current, the respiration, which 
from the di of the nerves had become slow, is quickened 
ain and with care, by a proper application of the stimulus, 

normal respiratory rhythm may for a time be restored. 
‘Upon the cessation of the stimulus, the slower rhythm re- 
furs, If the current be increased in strength, the rhythm 
1 Wien. Sitzungsberichte, Nov. 5, 1823. 
4 Guttmann, Da Bois-Reymond's Archiv, 1875, p. 600. 
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ishes the oxyyen, and increases the carbonic acid. Do both 
of these changes affbet the respiratory centre, or only one, 
and if so, whieh? | When an animal is made to breathe an 


lyspneea are present. sh this case 
thee can only be attributed to the dedeincy of oxygen. On 
the other hand, if an animal be made to breathe an atmos- 
phere rich in carbonic acid, but at the same time containing 
an abundance of tie though the breathing becomes 
markedly deeper and at more frequent, there is 
no culmination in a paral asphyxia, even when the 
quantity of carbonie acid in the bli as shown by direct 
analysis, is very largely increased.* On’ the contrary, the in- 
crease in the respiratory movements after awhile passes off, 
the animal becoming pen ntiiee and appearing to be suffer: 
ing rather from a narcotic poison than from simple dy«pnom. 
Tt does not seem certain that the the increased respiratory move- 
ments seen at first aro the direct result of the action of the 
earbonit on the respiratory centre ; it ix possible that the 
carbonic acid may affect the respiratory centre in an indireet 
way, lee! stimulating the respiratory pa or by its action 
on higher parts of the brain; and in all cases there is a 
marked contrast nee the slow development and evan- 
escent character of the erpnma of carbonic acid poisoning, 
and the rapid onset speedy culmination in convulsions 
and death Te the dyspnea due to the absence of oxygen, 
‘There can in fact be no doubt that the action of deficiently 
arterialized blood on the respirntory centre, as manifested in 
an augmentation of the respiratory explosions, is due prima- 
rily to a want of oxygen, and in a secondary manner only to 
an (Thee of carbonic acid. 

(Tho section of drugs upon the respiratory centres and 
peripheral mate or oe nerves, is bo Dhrogcaly and 


iderable interest. us it has been 


Beet tac ans ammonia stimulates the respiratory centres; bella- 
donna first stimulates, afterwards paralyzes ® them ; and 
lic acid in smal! doses stimulates and in lane "doses 
lyzes the centres. Apomorphia stimulates the peripheral 
neryes, and in rabbits the centres also. Aconite, es Bydtocyante 


1 Paldger, a rs Archiv, py 
Zs iistersech. a. Physiol. bavi in Bonn, 1865. Pilger, 
op. 
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brain are ligatured, or when the venous sinuses of the dura 
mater are laid open so as to admit of a free escape of the 
venous blood. sy evidently arise from the expiratory move- 
ments in some way hindering and the inspiratory movements 
assisting the return of blood from the brain. We have already 
(p. ria} stated that during inspiration the pressure of blood 
in the great veins may become negative, ¢.¢, sink below the 
pressure of the atniesphere; and a puncture of one of these 
veins may cause immediate death by air being actually drawn 
into the vein and thus into the heart during an inspiratory 
movement, When the veins of an animal are laid bare in 
the neck and watched, the so-called puleus venoeus may be 
observed in them, that is, they «well up daring expiration 
and diminish again during inspiration. And indeed a little 
consideration will show that the expansion and contraction of 
the chest must haye a decided effect on the flow of blood 
Bartagh the thoracic portion of, and thus indirectly through 
the whole of, the vascular system. 

The heart and great bloodvesels are, like the lungs, placed 
in the air-tight thoracic cayity, and are subject like the lungs 
to the pumping action of the respiratory movements. Were 
the lungs entirely absent from the chest, the whole force of 
the expension of the thorax in inspiration would be directed 
to drawing blood from the extra-thoracic vessels towards the 
heart, and conversely the effect of the contraction of the 
thorax in expiration would be to drive the blood back again 
from the heart towards the extrathoracic vesels. In the 
presence of the lungs, however, the free entrance of air into 
the interior of the cheat tends to maintain the pressure around 
the heart and it vesela within the thorax equal to the 

i erie pressure on the vessels of the rest of the 


sey would be ineffoctu 

air to and from the lungs. But 

does not pass into the pulmonary alveoli as freely as it would 

do into spear cavity through an oes z in the thoracic 

wall. re the inspired air can fill a PalNGeaer alveolus, 

the walls of the alyoolus have to be distended at the expense 
the preseure which causes the inspired air to enter, Part of 
atmospheric pressure in fact which causes the entrance of 
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takes ‘The on the intra-thoracic bloodvessels 
pened ior st agate of blood from the veins outside 
the thorax into the vens cave and right auricle is no longer 
assisted, and in ace tome lees blood through 
ee the aorta, noe _sestegc esa falls ve ring 

jiration, intra-t icie re may be so great 
as to Afiodl'n distinct obstacle to the How from the veins into 
the heart. 

The effect of the respiratory movements on the arteries is 
naturally different. from that on the veins, During inspira- 
tion the diminution of pressure in the thorax around the 
aortic arch tends to draw the blood from the arterics outside 
the thorax back to the arch of the aorta, or in other words, 
tends to check the onward flow of blood. At the same time, 
and this is the point to which we wish to call attention, the 
aortic arch itself tends to expand ; in consequence the prest- 
ure of blood within it, 7. ¢., arterial tension, tends to di- 
minish. During expiration, the increase of pressure outside 
the aortic arch of course tends to increase also the blood- 


id naturally expect 

on the thin-walled veins to be greater than that on 

it thick-walled arteries, so that the total effect of inspi- 

ration would be to increase, and the total effect of expiration 
to diminish, arterial tension. 

‘These facts seem at first sight to afford a ready explanation 
of the respiratory undulations of the blood-pressure curve; 
the rise oft pressure in each undulation might be supposed to 
be due to the inspiratory, the full to the expiratory movement. 
When, however, the respiratory undulations of the blood- 

eurve are compared carefully with the variations of 

ie pressire, it is seen that neither the rise nor the 

fall of the former are exactly synchronous with either diminu- 
tion or increase of the latter. Fig. 127 shows two tracings 
from a dog taken at the came time, one, a, being the ordinary 
curve from the carotid, and the other, 4, repre- 

senting the condition of the intra-thoracic pressure as obtained 
by carefully bringing a manometer into connection with the 
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; for when air is blown into the trachea to dis- 

, the pressure within the chest is increased in- 
stead of diminished. Evidently the explanation given above 
is not valid for the respiratory undulations of blood-pressure 
which occur during artificial respiration. 

But another janation, still of a mechanical nature, sug- 
gests itself. When the lung is expanded, whether by artifi- 
cial or natural respiration, 1. ¢, whether by means of a tra- 
cheal positive pressure or a pleural negative pressure, the 
increase in the area of the wall of each pulmonary alveolus 
tends to stretch and elongate the capillaries lying in the ulvo- 
olar walls, and in elongating them necessarily narrows them, 
= asan india-rubber tube is narrowed when it is stretched 

ways. This narrowing of the capillaries is an obstacle 
to of blood through them; and hence the expan- 
sion of the alveoli in inspiration, other things being equal, 
will be unfayorable to the flow of blood through the lan; 
Tn artificial respiration moreover the positive pressure on the 
alveolar walls will tend as well to compress the capillaries and 
still further to hinder the flow of blood through them; and 
direet experiments show that when blood is driven artificially 
ata constant rate through the pulmonary artery, the outflow 
see pulmonary veins is diminished when the lungs 
are ini (by tracheal positive pressure) and increases again 
when the lungs are allowed to return to their former volume,’ 
The diminished or increased flow of blood through the lungs 


will naturally, by diminishing or increasing the quantity in 
the left heart, diminish or increase the blood-pressure. And 
it is exceedingly probable that the respiratory undulations 
ween when icial respiration is carried on are thus brought 
about by changes in ies calibre of the poser enpillaries 


and small vessels, case of natural respiration is some- 
what different: the narrowing of the capillaries due to the in- 
crease of the dimensions of the pulmonary alveoli comes into 
play as before, but instead of the tracheal positive preesure a 
ive pressure is brought to bear on the capillaries, 
and this probably tends to widen them; but the problem then 
becomes very complicated, and th h it is stated? that when 
ion & carried out by means of a negative pleural press- 
ure, the artificial flow through the lungs, contrary to the case 
when positive tracheal pressure is employed, is increased, the 
matter is too unsettled to enable us to state how far the undu- 
* Poiseuille, Compt. Rend., T. , 1855, p. 1072. Quincke a. Pfolf- 
for, Arch, f, Anat. u. Phys., 1871, p. 90. 
* Quineke u. Pfeiffer, op. cit. 
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coals of the small arterics themselves, since a rise of pressure 
follows upon dyspnaa when the spinal cord has been pre- 
viously divided below the medulla, yet the fact that it is 


Vu. 128, 


\ 


Mor 


apa ye 
f\ 


fi 


‘Teanbe’s Curves. (To be rea From left to right.) 


The curves 4, 23,4, 8, were taken at intervals, and all form part of one experiment 
Each curve is placed \n les proper position relative to the base line, which, t0 save space, 
ts ominved. During 1, artificial pespieation was kept up, the undulations visible are 
therefore not det to Ube seockanical action of the chest. When the artificial respiration 
was suspended these urdhilations for awhile disappeared, and the bloot-preawere rose 
steaihihy while the heartbeats became slower. Soon, as shown Ia curve 2, the under 
tions reappeared. A lithe Later, the bleod-peesvere was still rising, the heast-beats till 
lower, bot the tmlidlations still olvicus (curve 5). Still later (curve 4}, the pressuce 
was stl Bigher, but the heart-beats were quicker, and the undulations flateer. The 
pressure chen began to fall rapidly (curve 5), and contined to fall until eome chne after 
aartiGclal resptrntion was resuswed. 


much less under these circumstances shows that the medul- 
lary centre plays the chief part. Upon the cessation of the 
artificial iration, the respiratory undulations cease also, 
80 that the blood-pressure curve rises at first steadily in al- 
most a straight line; yet after awhile new undulations, the 

Traube’s curves, make their appearance (Fig. 128, 
2,3), very similar to the previous ones, except that their 
curves are larger and of a mote sweepi aracter, These 

0 
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respiratory curves: be i |. He regards these 
longer curves as ripen 2 at f 


undulations 


rhythmic variation o! 


In estimating the mechanical effects on the flow of blood to and 
from the heart produced by the respiratory movements, attention 
Ps paid, fet cet to the action of the thorax, but also to that 
al us on the descent of the diaphragm, thongh 
‘of blood to the right heart from, the upper part of the 
askisted, that from the lower part of the 
t inished. Conversely in expiration the 
son stdomen tends af fit to drive the blood on; 
heart, though subsequently, especially contin 
labored, it may i Fegen ing Origmys ng heratieg ome 
the yena cava and to that from the 


i 


fl 


ail 
i 4 


g 


the capillari 
faitial reoult is to drive an extra quantity of e 
onwards, and that similarly the initial result of the col- 
by the shortening and widening of the same ane to 
certain quantity of blood for awhile in the lungs | They 
help of these considerations very ingenious explanations of 
variations in the character of the respiratory undulations ne 
panying variations in the rhythm and character of the respira~ 
movements. And they contend that their explanations are 
only in artificial respiration, but also in natural repirn 
when the peaative Dives) pressure bears on the large 
the chest as well. Kor ewikky.2 ob ther cose ands ts 
undulations seen in artificial ration, by reference 
narrowing and widening of the capillaries due to 
ing und return, a4 to the variations of 
jonary alveoli ; but argues, in epposi- 


ee 


# 
A 


ay 


i 


S 


are more than compensated by the simultaneous 
pleural pressure on the great yessels.* 
suggested that the increased frequency of beat during 


Archiv, xy (1877), p. 406; ib. (1878), p 647, 
iv f, Anat, 3. Phys., 1877, Phys. Abt., p. 416, 
Cf Zantz, Pliger’s Archiv, xvii (1878), p. 374. 








ASPHYXIA, 473 


removed, ae ix usual to speak of “convulsive centre” in the 
medulla, the stimulation of which gives rise to these conyul- 
siona; but if we accept the existence of such a centre we must 
at the same time admit that it is connected by the closest ties 
with the normal expiratory division of the respiratory centre, 
pleat intervening step ay be observed between na sim~ 
ple slight expirato poeate normal respiration 
most. violent fag deel seer yxia. An additional proof 
that these valor are eee out by the agency of the 
peat! is afforded by the fact that convulsions of a wholly 
ilar character are witneseed when the RORY Vena to 
the medulla is suddenly cut off by ligaturing 
of the head. In this case the nervous centres, being no 
longer furnished with fresh blood, become rapidly asphyxinted 
through lack of oxygen, and ee iratory convulsions quite 
similar to those of mag pass phyxia, esd. preceded like 
eahy a passing iyspneca, make their ap; 


iammmio! Larne are seen after a # 


n 
loss of blood from the body at the medulla being 


similarly stimulated by lack of arterial blood. 

Such violent efforts speedily exhaust the nervous system, 
and the convulsions after being maintained for a brief 
suddenly cease and are Ble by a ae of calm. The 


the respiratory centre 
ree, 


considerable, and the effort in consequence, when successful, 
Peers of a large effect, 

vib on, these inspiratory efforts become Jes fre- 

quent r estes becomes irregular; lon; aoa each 

ee a oe one, are age by chen 

tate a ited inspirations, he pauses ome 

Jonger, and Hantantentier. Se shallower. Each in- 
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is gradually diminished, are fundamentally the same as those 

resulting a sudden and total deprivation. The sume 

=e are seen, but their development takes place more 
lowly. 


‘The Circulation in Asphyxia.—If the carotid or other 
ep an animal be connected with a manometer during 
Senveterrs of the ephyzis just deseribed, the following 
facts may be obsei “Daring the first and seoond stages 
wresatire, rigea rapidly, attaining a height far above 
abe Daring the titted Stage it falls even more rapidly, 
the normal and becoming nil as death ensues. The 
Tegieory undulations of the pressure-curve are abrapt and 
ana by all of; the inspiratory diney stovenania melas 9 aecom- 
es L of pressure. When the animal has been yee 

valy P under urari, so that the respiratory impu! 
cannot manifest themselves by any muscular movements, the 
rise of the pressure-curve, as we have already said, is at first 
steady and unbroken, but after a variable period Traube’s 
curves make their appearance. As during the third stage the 

pressure sinks, these undulations pass away. 

The heart-beats are at first somewhat quickened, but speed- 
ily become slow, while at the same time they acquire great 
See} so that the pulse-curves on the nif are exceedingly 
bold and paiking, Fig: 128, Even while the blood-pressure 
is sinking, the pul rves still maintain somewhat these char- 
acters; and the heart continues to beat for some seconds after 
the aaah movements have eer the strokes at last 


letely gorged with venous blood, all the 
ities a8 i¢ lange veins being distended to the ut- 
If the heart be watched to the close of the events, it 
be seen that the feebler strokes which come on towards ths 
of the third stage are qu 
# and when the last beat | 
with blood. 


ure pee great vestels, W! hen rigor mortis sets in ates 
= by asphyxia, the left side of the heart is more or lees 
emptied of its contents; but not so the right side. Hence 
in an ordinary post-mortem examination in eases of death by 
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into the arterial system; the boldness of the pulse- 
Lisi this being chiefly due to the infrequney of 
tl me Hoanihy which passes from the heart into 


i second by second, the pressure ets 
lower and lower, the descent being assisted by the exhaustion 
of the vaso-motor centre, until almost before the last beats it 
has sunk to zero. Thus at the bent ephrxieswhiis the 
heart and yenous system are distended with blood, the arterial 
system is lees than normally full. 


The Eqfects of an Increased Supply of Air—Apnea, 


a matter of common experience that after several 
of greater force than ordinary, the breath 
a much longer time than usual. In other 
increased respiratory action, the blood can be 
such a condition that the generation of the res- 
i impulses in the medulla is delayed beyond the usual 
‘ime ; the desire to breathe can then be resisted for a longer 
‘than usual. This state of things, which we can easily pro- 
in ourselves, is the beginning of that peculiar condition 
about by a too vigorous respiration, or ae inhala- 
oxygen, to which we have already (p. 460) referred 
name of “apneas.”’ The easential feature of apnoea 
in the blood containing for the time being more oxy- 
usual. In consequence of this a longer time t 
before the deficiency of oxygen in the blood of the 
van the medulla oblongata, or rather in the nerve- 
constituting the respiratory centre, reaches the limit which 
determines the ‘ofa respiratory impulse. ‘The molee- 
procemes of these cells are so arranged, that whenever 
i which is ottegtad for their use ee pe 
respiratory explosions occur whereby a 
is gained. Phy increasing their available 
ive nction of the cells is deferred and dimin- 


8 
r 
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i 


i 
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‘FIs to be regretted that this name is used by tome medical au 
(cd lrg identical with asphyxia, In ite physiologi- 
jsunae, ne here used, it is tho very opposite of asphysia, 
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ox) |, caused by the presence of the nitrous oxide in 
fee Varies a esti ra ie Mean AGE) a 


The Exfects of Changes in the Pressure of Air breathed! 


Gradval Diminution of Pressure.—The symptoms are those 
of deficiency of oxygen; the animals die of asphyxia. The 
blood contains less and less oxygen aa the pressure is reduced, 
spe pematity prevent in the arterial blood soon ‘ing leas 
than that in the normal venous blood. ee car- 
Rosie anid in the blood ae diminished. ey increasi 

lvspnoa is accompanied by great general lemess 5 
convulsions though frequent are not invariable. The occur- 
rence of these seems to depend on the suddenness with which 
the oxygen of the blood is diminished. 


Sudden Diminution.—Death in these cases ensues from the 
liberation of gases within the bloodvessels and the consequent 
mechanical interference with the circulation. ‘The gas which 
is found in the bloodvessels on examination after con- 
sists chiefly of nitrogen. 


of Pressure—Up a peeeate obeevee atmos- 
pheres of air, merely symptoms of narcotic poisoning, alto- 
w like those of breathing an excess of carbonic acid, are 

and there can be little doubt that they originate 

from the same cause, yiz., the excess of carbonic acid in the 


blood. At a , however, of four atmospheres of oxy- 
gen, corrponing to twenty atmospheres of air, and upwards, 
very remarkable phenomenon presents itself, The animals dic 


of asphyxia and convulsions, exactly in the 
when oxygen is deficient. Corresponding with thi 

that the production of carbonic acid is 

to say, when the pressure of the oxygen is increased beyond a 
certain limit, the oxidations of the body are diminished, and 
With a still further increase of the oxygen are arrested alto- 
gether, The oxidation of phosphorus is quite analogous; at 
a aeoee of oxygen phosphorus will not burn, Bert 
has shown that plants, bacteria, and onganized fer- 
ments, are similarly killed by a too great pressure of oxygen. 


4 Paul Bert, Rech. Exp. sur la Pression Baromet., 1874. 
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Coughing consists in the first place of a deep and long- 
drawn inspiration by which the lungs are well filled with air. 
This is followed by ® completo closure of the glottis, and then 
comes a sudden and forcible expiration, in the midst of which 
the glottis suddenly opens, and thus a blast of air is driven 
through the upper respiratory passages, The afferent im- 

ses of this reflex act are in most cases, as when a foreign 

ly is lodged in the poyeey or by the sind of the epiglottis, 
conveyed i the superior renee bee te but the movement 
may arise from stimuli appli other Afferent branches of 
the veg, such as those supplying the bronchial and 
stomach (?) and the auricular branch distribut 1c mon 
tus externus. Stimulation of other nerves, also, ma as those 
of the skin by a draught of cold air, may develop a cough. 


dee bape ere etry 
exe nu x into the mouth is 
local | the oe ap ghey Lee Biet mnie the faces 
and area descent of the soft palate, so that the force of the 
blast is driven entirely through the nose. The afferent im- 
here usually come from the nasal branches of the fifth. 
hen sneezing, however, is Sheri bya ae light, the 
optic nerve would seem to be the afferent ni 


Laughing consists exentially in an inspiration succeeded, 
not by one, but pa a whole pe eins continued, of 
short lic _expirations, the glottis being freely open 
during the whole time, and the hal cords being thrown into 

characteristic vibrations. 


In crying the rea; ieing movements are modified in ead 
same way as in laughin; e rhythm and the accompany’ ing 
facial expressions are, however, different, though taoptane an 
crying frequently become indistinguiahable, 


‘Our real knowledge of the physiology of respiration dates back 
from fillowing ge pret Lavoisier showed the trae nature of combustion, 
close as Stee upon Priestley's demonstration of the 
idea rpm a PRINT, aed Oatorery obstay: 
(1774 fore that time Fane she a ‘of progress were, 
gant Van Helmont (1643) that gas xylvestre (carbonic ncid 


gas) was unfit for respiration; the demonstration by Hook (1664) 
of seta artificial respiration; by Lower (1669) of the con- 


nection wil iration of the difference in color between venous 
and ioe 3 by Bayle (1670) of the necessity for respinitory 
faurposes of the air diswolved in water; the observations and reflec 
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tions of Mayow (1674) on the spiritus nitro-aerens (oxygen), in 
which he narrowly missed anticipati ae by a century, a1 eal 
the discovery hy Black (1757) of carbonic acid in air. Lavoisier, 
however, held ne Set: is iratory combustion took place in the 
bronchial tubes, ah nous substance being secreted for that 
purpose from the bl as aa though Lagrange ted that the 
oxy might be absorbed into and the cxbona acid exhaled from 
lod, the combustion occurring in the blood or tissues ; 
Brallaseani (1803) and W. F, Howards (1823) showed that snails, 
frogs, and young mammals continued to produce carbonic acid in an 
atmosphere of hy: en, whereby direct combustion in the lungs 
was rendered impossible, Lavoisier’s view held its ground, owi x 
the diffienlty of extracting gases from the blood, until in 1837 
nus used the mercurial air-pump and proved that both venoas aa 
arterial blood contained both oxygen and carbonic acid. His re- 
searches, and those of Lothar Meyer and Fernet, which followed 
soon after. form the basis of our present knowledge, The labors of 
Tadwig and his school, of Pfliiger and his pupils, and of others, 
have advanced this subject to its present condition. The spectro- 
scopic discoverics of Hoppe-Seyler and Stokes have proved of great 
and increasing importance; and we are indebted to Rosenthal for 
a clear exposition of the nervous mechanism of respiration, 
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CHAPTER IIL 


(The Physiological Anatomy of the Skin and its Appendages. 


‘Tre skin is divided into two principal portions: the epider- 
mis, cuticle or searf-skin, and the derma, or true skin, These 
layers can readily be demonstrated by maceration. 

‘The epidermis, or most superficial layer, is a cellular stract- 
ure, composed entirely of superimposed atratifications of epi- 
thelium cells, which differ in character in the superficial and 


Fro, 129, 


Skin ef the Negro, in 4 Vertical Section; magnified 290 diameters. 2, 2, cutaneous 
papill ; 5, usdermost and dark-colveed layer of prismecidal epidermis cells of the mu- 
‘cous or Malpighian layers; «, korey layer,—After Suaxrey. 


di la The superficial layers are composed of flat, 
aleliedy lexsiy ‘ithelivan cols which are detached from 
the cutaneous surface in the form of scales, In the deeper 
Tay the cells are rounded or prixmoidal in form, soft and 
pi ted. The pple is most abundant in the layers of 

which immediately surround the papillary layer of the 
derma, and gradually becomes less abundant as the superficial 
layers of the epidermis are approached. The difference in 
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the color of the skin of different races is due to the pi t- 
ary deposit in those cells, The superficial layers of the epi- 
dermis are termed the horny layers; the deeper Inyens are 
termed the rele mucowem, Malpighian or mucous layers, (Fig. 
129.) The cells, which are being constantly desquamated 
from the horny layers, are replace by cells from the deeper 
layers, which asi the modifications in form from a pri 

moidal to ® rounded and ultimately to a flattened condition 
as they aré pushed up by the new cells, which are continually 
being Arai ne in the rete mucomm. The epidermis forms 
& protective covering for the body, by preserving the soft and 
more delicate superficial structures from the effects of friction, 


by diminishing the evolution of heat, and by limiting the 
amount of watery evaporation. . 
‘The derma or true skin is composed of two layers, the papil- 
lary layer and the corium, 
The corium or deep layer is dense, tough, and elastic, and 
composed of fasciculi of white fibrous tissue, which are inter- 


Fea, 133, Fig. 31 


Fic. 139.—Papltin, as seen with « Micrakcope, on a pértion of the true Skin, Irew 
which the Cutiche Bas been temoved —After Burscier, 

Fun. 181.—Compound Papilae from the Palm of the Hand; magnified 69 diatecter. «, 
hhawes of = papilla; 4, 8, divisions or branches ef the same; ¢, , branches belonging (0 
Papate, of which che tawes are hidden free view,—After Koetzken, 


laced in various directions, and forming spaces between their 
interlacements which are termed areola. Intermixed with the 
white fibrous tissue is a variable amount of yellow elastic 
fibres. In the deeper portions of the corium the fascicnli are 
not s0 closely interwoven, and they become blended with the 
subcutaneous tissue; the arcole are larger and contain fat, 
hair-follicles, and cutaneous glands, Approaching the super- 
ficial surface the fasciculi become more clesely interwoven, 
and in some parts so closely as to entirely obliterate the 
arcole, ‘The most superficial portion of the corium is of « 
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homogeneous nucleated, transparent structure. The papillary 
layer consists of numerous extremely sensitive, vascular, con- 
ical which are Sepia i structure, and ap- 
pear to be but prolongations of the coriam, from which it hi 
no distinct line of separation. The papillie aire of two kinds 
the simple and ‘The simple papille (Fig, 130) are 
single conical eminences, which are scattered irregularly over 
the general cutaneous surface. The compound eae (Fig. 
131) are conical elevations, which have « variable number of 
simple papille projecting from their free extremities The 


Pottion ef Skin from the Palmar Surface of the end of the Thumb, slightly magnified, 
showing the curved ridges and insermediace forrows. Upos the ridges are ween the ei- 
fices of the dects of the sweat-ginnds. After Marsnant. 


compound (lle are most abundant upon the palmar sur- 
face of the and fingers. thn wantin tha bdtastion thay 


Fic. 1, BR 


oe 

End-talte in Papilia (magrified) treated with Acctic Acid. A, font the lips; the 
shite toops in one of them are capitlaries, m, from the tongue, Two cad-bullss soos ba 
the midiat of the simple papillae; «, «, nerves. —After Koutaxnn 


are arranged in the form of {lel curved ridges, each of 
which is formed of a double cate; papille, which are placed 
ry 
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convoluted, or else in th tre as jal 
appears in the cent astraight ax’ 


‘The tactile or axile corpuscles (Fig. 134) are found most 
Leip distribut aa where ofr of touch eee acute, 
ey appear as oblong or 0 ies, composed of a granular 
Reena tissue which is almost homogeneous. Aceording to 
Kélliker, the corpuscles consist of a core of homogeneous or 


connective tissues, which is surrounded by an outer 


Paciniian Corpuscles from the Meseatery of » Cat: intended to show the general con 
struction of these bodies, The walk and bedy, the outer and inner system of cap 
swiles with the ceotral carity are seen o. Arterial twig, eading ix capillaries, which 
form loops in some of the Iaterexprular spaces, and ons penetrates to the central cap 
tule. 5. The fibrous tissee of the stalk, prolonged from the neurilemma, m. Neree 
tube advancing to the ceatral capsule, there loning its white sulntance, and stretching 
idlong the axis tw the opporlte end, where it is Ged by a tubercular ealergement, 


layer or sheath of fibro-<lastic tissue, having elongated nuclei, 
situated transversely, Covering this is a eortex of plasmatic 
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cells and elastic filaments. ‘The nerve filaments, which may 
be three or four in number, after reaching the base of the cor 
puscle, form several irregular spiral coils around it xs 
approach the apex, at which point they each probably termi 
nate in a filamentous extremity. 

Another variety of corpuscle has been described by Pa- 
cini. These are known as the Pueinion corpuscles, (Fig. 135.) 
‘They are found principally in the subcutaneous cellular tissue 
of the palmar surfiuce of the hands and feet, and most numer- 
ous in the fingers and toes, and are found connected with the 
nerves of the joints, mesentery, and other parts. They con- 
ist of s corpuscular body, which is joined by a pedicle to the 
nerve with which it is connected. The body is of an oval 
form, and consists of superimposed concentric layers of con- 
nective tissue, which form a series of capsules around # com- 
mon centre or bulb. Between the capsules, especially the 
most external, spaces exist, which are filled with clear fluid. 
The bulb consists of granular nucleated matter, which sur- 
rounds the nerve-tube. ‘The nerve loses its medullary sub- 
stance and sheath as it penetrates the axis of the bulb, and is 
continued through the bulb to the opposite end, where the 
filament enda as a tubercular enlargement. The situation of 
these bulbs in the subcutaneous tissue, a# well as in positions 
of the body not concerned in the tactile sense, indicates that 
they are not connected with special sensation, but are only 
one of the modes of termination of the sensory nerves. 


aos of the Skin.—The nails are formed of modi- 
fied cpithelinm cella of the epidermis, They are convex, 
flattened, smooth, horny structures, which are placed upon 


Fig. 158. 


“Trenaverse Section of the Nail, wind ity Matrix, & Longitudinal sectiow of the same, 
1, the outer cuticular layer: 2, the rete mevearure ; %, 
‘Gye ridges of the cutis, of which te matzix or end 


the dorsal surface of the last phal: of the Gi and 
‘The nails consiee Of a row, body, and fre eden. (Fg: 
The root is thin, soft, with an irregular margin, It is 
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covered by a fold of the skin which is extended around the 
sides of body. The nea is that portion which extends 
from the root to the free edge. It is firmly attached by its 
under surface to the corium or true skin, which at this point 
is very vascular and marked by longitudinal rows of papillw. 
‘The portion beneath the body of the nail is termed the matrix 
or bed. At the root of the nail is frequently seen a white 
bregma nes called the fnnula. The whitish color is due to 
the vascularity and fewer papille, as compared with 
the rest of the matrix. The portion of the nails is that 
part which is detached from the matrix and projects from the 
cutaneous surface. 

‘The nails consist of a superficial bard horny layer, and a 
deeper and softer Malpighwan or mucous layer, which rests 
upon the matrix and eompletely fille the interpapillary spaces, 

ie nails Ae # continual addition of new cells on their 
underaurtics 4 root. The Malpighian layer remains sta- 
tionary, and the horny Jayer alone is gradually increased in 
thickness by a deposition of cells underneath and on the root, 
and is pushed forward by the growth of the root, and worn 
bavi its free wge by attrition, or else cut off. 

hairs, like the nails, are formed of modified epidermis 
colle. They consist of a root or bulb, a shaft or stem, and a 
point, ge. 137, 138.) The shaft is of a flattened cylin- 
rieal and is composed of an external portion or cor- 
fer amd an internal fibrous substance, The cortex is formed 
of « layer of fine imbricated cells, having their free extremities 
looking towards the point of, hair. The cortex incloses the 
fibrous structure which constitutes the bulk of the hair sub- 
stance, and is composed of elongated longitudinal cells, which 
contain pigment, and occasionally air-cavities. In the axis of 
the fibrous portion, extending from the root to near the point 
of the hair, a deposition of granular matter is found, which is 
bi tec of irregularly shaped cells, pigment, and-fat. This 
is called cg hea ra In the medulla air-cells and air- 
spaces are found. Kdlliker supposes that the dark pigment- 
granules of the medulla are mening more than the globales 
of air in the air-cells. 

The root or bulb of the hair is inclosed in @ follicle which 
is formed by an involution of the epidermis, In the emaller 
hairs the flliele merely extends into the corium; in the larger 
hairs it extends through into the deep layers of the subcu- 
tandous tissue. At its deepest part it is expanded into a 
bulbous nent, which receives the expanded portion of 
the root, called the knob. The follicle is lined by a continua 
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tion of the epidermis cells, which forms the root-heath of the 
hair. This sheath consists of two layers, the inner of which 
is closely attached to the imbricated cells of the cortex, and 


Fan, 157. Fra, £38. 


Fic. 137.—Mediam-tized Hair in jts Follicle: magnified 50 diameters. a, stem cut 
short ; &, root; «, koeb a, haircu fatermal, and /, external root-steath ; ¢, My 
dermle coat of fallicte :¥/, papilla; &, &, ducts of seboceou glands ; 2, Coriuim ; me, mucous 
layer of epidermis: ¢, upper limit of baterual root-sheath.—After Koran. 

Fic. 134,—Magnited View of the Rovt of » Halr, a, mers or shaft of hinie cut serosa; 
4, inner, and ¢, euler Layee of the epidermal lining OF the tait-Cellicke, called also the 
tamer and outer root-abeath ; d, dermal or external cogs of che halmfollicle, shown In 
parts ¢, imbricared scales about t0 form a cortical layer). que surince of the hair, “The 
adjacent cuticle of the rootsbeath is sot ryprevented, ay. ae qaqilia te hidden tm the 
Jower part of the Lnod where that ix represented bighemy "yer KowRRAUNER, 


extends to pro below the orifice 
he 


(Fig. 137.) outer layer is closely 
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the follicle. The wall of the follicle is formed by a fibro- 
cellular tissue, which is continuous with the corium. “A highly 


Fic. 129, 


torved tubes, composing the gland, and uniting tn two excretory duces: 2,2, which unite 
fete ome spiral canal that perforntes the epidermis at ¢, and opens its surface at 4; the 
siaed is embedded in fat-vesicles, which are seen at 5, 6. 


neryous and vascular papilla projects from the corium into 
the bottom of the follicle. On the surface of the papilla the 
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SECRETION BY THE SKIN, 


We have traced the food from the alimentary canal into 
the blood, and, did the state of our knowledge permit, the 
natural course of our study would be to trace the food-from 
the blood into the tissues, aiid then to follow the products of 
the activity of the tisues back into the blood, and so. out of 
the body, This, however, we cannot us yet satisfactorily do; 
and it will be more convenient to study first the final products 
of the metabolism of the body, and the manner in which they 
are eliminated, and afterwands to return to the discussion of 
the intervening steps. 

Our food consists of certain food stufls, viz., proteids, fata, 
and carbohydrates, of various salts, and of water. In their 
peasge through the blood and tissues of the body the proteids, 
fata, and carbo-hydrates are converted into urea (or some 
closely allied body), carbonic acid, and water, the nitrogen of 
the urea being furnished by the proteids alone. Many of the 
proteids contain sulphur, and also have phosphorus attached 
to them in some combination or other, and some of the fits 
taken as food contain pies phorus; these elements ultimately 
suffer oxidation into phosphates and sulphates, and leave the 
bay, in that form in company with the other salta. 

ily speaking, then, the waste products of the animal 
economy are urea, carbonic acid, salts, and water. Of these 
al portion of the carbonic acid and a considerable 
quantity of water leave the body by the lungs in respiration ; 
while all (or nearly all) the urea, the greater portion of the 
salts, and a large amount of water, with an insignificant 
quantity of carbonic acid, pass away by the kidneys. The 
work, fure, of the remaining excretory tissue, the skin, is 
confined to the elimination of a suppers ly small quantity 
of salts, a little carbonic acid, and a variable, but on the 
whole quantity of water in the form of perspiration. 
‘The exeretion by the bowel, that is to say, that portion 
of the fieces which is not simply undigested matter, we have 
seen to be very small. 


The Nature and Amount of Perspination, 


The eed of matter which leaves the human bixiy by 


way of the skin is very considerable, ‘Thus Sequin' estimated 


* Ann. d. Chim., x, pp. 62, 408. 
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be a clear, CDauche athe rip pay ea and distinctive odor, 
ian Hes cdl epidermis, from which it is 


it ce no 
of the secretion of the 


abundant. An pea of sebaceous secretion may, when 
Sadonrecens halercine soe reaction, prob- 
ably from the sebaceous becoming converted into fatty 
‘The average amount of solids is about 1.81 per cent.” 
of which about two-thirds consist of organic substances. The 
chief normal one are: oc x beat with 
emall quantities other inorganic salts. (2.) Various acids 
of the fatty series, such as formic, acetic, butyric, with prob- 
ably propionic, caproic, and caprylic. ‘The presence of these 
latter is inferred from the odor; ee that many 
various volatile acids a vale in quantities, Lactic 
acid, which Berzelius ed as a normal constituent, is 
stated not to be present in health. (3.) Neutral fate and 
cholesterin ; these have been detected even in places, such as 
the palms of the hand, where sebaceous glands are absent. 
(4) Ammonia (urea), and possibly other nitrogenous bodies. 


considerable amount of urea in the sweat 
eyes hd a toch hat he aed the total amount: 
Seren sn 8 
— ensigns 
fae explained, 
tae ssaory roms 


tion, 


xalate, 
ym and tan} 


ie a other Pigments wn Veerngr 
iodide, ic. aa hipparic) ackis 
ive tenrbee! in tas in ton sweat when taken internally ae elite, 


Outaneous Respiration, 


A , the Tungs of which haye been removed, will eon- 
tinue to live for some time; and during that period will con- 


* OF Trdmpy and Lachsinger, Paager's Archiv, xviii (1878), a 404 
V Pinks, op alt bn ote VPetanun, pda. 
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with abatement of the symptoms, if the great los of heat 
which is evidently taking place be prevented by covering the 
body thickly with cotton-wool, or keeping it’ in a warm atmos- 
here, ‘The sym, is have not as yet been clearly analyzed, 
ut seem to be due in toa ia or fever possibly 
caused by the retention within or ion into the blood 


According to Rishrig’ the injection of fresh filtered human sweat 
Pecos hae nests yate pyrexia and albeuninuria, aud ¢hus 
produces some of the of “ varnishing.” 


The Secretion. of Perapiration, 


‘The skin contains, besides the ordinary sudoriparous glands, 
the sebaceous glands, and the special odoriferous glands of the 
axilla, anus, and other regions. With regard to the various 
volatile and odoriferous substances peculiar to sweat, and ce 
pecially with Sys to those peculiar to the sweat of particular 
regions of the akin, there can be no doubt that these are #e- 
ereted by the epithelium of the appropriate glands, There 
can be equally no doubt that the thts which come to the sur 
face of the skin from the sebaceous glands arise from a méta- 
holism of the cells of those glands, And we shall probably 
roa far wrong in ing the sweat asa whole as sup 
plied by the sweat-glands alone. For though it seems evident 
that somé amount of fluid must pass by simple transudation 
through the ordinary epidermis of the portions of skin inter- 
vening between the mouths of the glands, yet on the whole it 
i prob that the portion which so passes is a small fraction 

of the total quantity secreted by the skin; and Eriamann? 
finds that even the simple evaporation of water is much greater 
from those ive of the skin in which the glands are abundant 
than from in which they are seanty. 


The Nervous Mechanism of Perspiration.'—The secreting 


3 Jahrb. f Baln., i, 1. ¥Zeitachrift f. Biol., xi, 1. 
* Luchsinger and Kendall, Pfldger’s Archiv, xiil (1876), p. 
imger, ibid, xiv (1877), p. 269; x¥ (1877), p. 482; 
Be Sty xvili (1878), p. 478, p. 483. Ostroumoff, Moskauer arzlicher 
Axzeigor, 1876. Nawrocki, Obt. f, med. Wiss., 1878, pp. 2, 17, 721. 
‘wiex, Die Seerotion dos Schwoisses, 1878, Vulpian, Compe 

Rend., T. 86 (1878), pp. 128%, 1908, 1428; ‘£7 (1878), pp. B11, 860, 
471, ‘Coyne, ibid. *. 86 (1878), p. 1276, 
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limb and of other parts of the body, And in ourselves a 
copious secretion of aweat may be induced by tetanizing 
the skin the nerves of the limbs or the fice, 

Penick cis which the sciatic nerve has been divided on one 

le 


’ Se Sal it 

‘increases the epithelium of the sw lands 
as it does that of other forms of protoplasm; thus stimulation 
of the sciatic in the cat produces a much more abundant secre 
tion in a limb exposed to a temperature of 35° or somewhat 
above, than in one which has been exposed to a distinetly 
lower temy and ina limb which has been placed in 
ice-cold water pay woctefetet tall ests Ue patna 
ay ly mere rise of temperature without nerve-stimula- 
tion will not give rise to a secretory activity of the glands, 
The sweating caused by a dyepnaic condition of blood, and 
such appears to be the sweat of the death agony, is similarly 
brought about by the ey of the central nervous system. 
When an animal with the sciatic nerve divided on one side is 
made dyepneic, no sweat appears in the hind limb of that 
side, though abundance is seen in other parta of the body. 

Sweating may be brought about asa reflex act. Thus when 
the os pe of the divided sciatic is stimulated sweating 
is induced in the other limbe, and the introduction of pungent 
substances into the mouth will frequently give rise to a copi- 
ous ion over the side of the face. We are thus led to 

sweat centres, analogous to the vaso-motor centres, 
as existing in the central nervous system; and as in the case 
of yaso-motor centres, a dispute has arisen as to whether 
there is a dominant sweat centre in the medulla oblongata or 
whether such centres are more generally distributed over the 
whole of the spinal cord.' 

Tt does not at present appear certain whether the sweating 
caused by heat is carried out by direct action on the sweat 
centres, or by the higher temperature affvcting the skin, and 
#07 producing its effect in a reflex manner; but in the case of 
dyspnea at least we may fairly suppose that the action of the 
_ * [Ott (Journal of Physiology, 1880, p. 46) believes that yuso-dilator 
‘ewent centres for the hind timbs are located between tho tenth dorral 
and fiest lumbar vortebra.} 
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Absorption by the Skin, 


Although ander normal circymstances the skin serves only 
as a channel of loss to the body, there are facts which seem 
to show that it may, under particular circumstances, be a 
means of gain. Cases are on record where bodies have been 
serortiatied aa have gained in weight by immersion in a bath, 
or by exposure to a moist atm aceintiteegk Eten peti 
in which no food or drink was taken, or to have gained more 
than the weight of the food or drink taken. The gain in such 
cases must have been due to the absorption of water. It is 
doubtful whether substances in aqueous solution can be ab- 
sorbed by the skin when the epidermis is intact, the evidence 
on this point being contradictory ; but absorption takes place 
very readily from abraded su: and even solid particles 
rubbed into the sound skin may, especially when applied in a 
fatty vehicle, a8 ex, gr., in the well-known mercury ointment, 
find their way into the underlying lymphatics. 





1 Guttman, Vircbow's Archiv, Bd, 35 (1868), p. 451; Bd. 41 (1867), 
p- 106. Stirling, Journ. Anat. and Phys., xi (1877), p. 620; V. Wite 
Tich, Mitth., ad. Kénigsberger Physiclog. Laborat’) 1878, p. 24. 
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two distinct portions, which from their positions are termed 
the maduwlary and cortical portions. The medullary substance 
consists of a number of conical-shaj bodies, which are 
termed the pyramids of Molpighi. ‘The bases and sides of 
these bodies are envel: y the cortical substance; the 
apices project into the calices as payille. The pyramids have 
a striated appearance, and when more minutely examined are 
seen to consist of a number of diverging tubules, which are 
bound together by a fibrous stroma containing bloodvessels. 


Foo. 141. 


Diagram of the corerse of the Uniaitercas Tubstes, «, orifice of tubule af apex of Stale 
pighian pyramid; 4, intermediary portian, continuous with recureent branches, which 
form loops, <, Im the medullary pertion of the kidocy, and, reascending, termizate In 
Malpighian capnules in the cortical portion. 


The cortical substance constitutes about threc-fourths of the 
gland substance, and is composed of a muss of convoluted 
tubules which are continuous with those of the pyramids, and 
of amall reddish bodies called the Malpighian corpuscles or 
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the capsular, or «maller ion of 
Sees the size of the erated 
with small clear nucleated cells; the 


ion, which connects in! loop 
pager of “rer, is lined with an epithe- 
which lines the convoluted portion near 


Fi. 


plexus of capillaries, sarrowading Ue uriniferous tube, ¢. From the plexus, Ube emul 
ent vein, v, apeings. 

Frc. 141,—Sexii-diagrammatic Representation of a Malpighian Hdy In ite relations 
20 the Uriniterons Tube (from Kolliker/"f2. o, eapanie of the Malpighian body; d, epi- 
thelinn of Ube weinieroms tube; ¢, detached epithelium ; /, afferent vowel ; g, efferent 
yeiaely A, comvalmed vessels of the glonevulis, 


the capsule. The tubules of Bellini as well as the main tu- 
bre are lined by epithelium of a columnar variety, with 


och af the Malpighian corpuscles is com apne of  Malpig 


hian , an dan inclosed vascular tuft. (Figs. 143 and 
144.) je tuft ia composed of an afferent and efferent vessel 
and lair intermediate plexus of capillaries. The afferent 
ves! is formed by one of t he ramifications of the renal artery, 
whieh after piercing the capenle rapidly subdivides into mi- 
nuté capillaries forming au intricate convoluted plexus which 
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snepension a little mucus, The normal constituents may be 
arranged in several classes. : 


1. Water, 


2 Salts—These for the most part exist in urine 
in solution, the composition of the ash almost exactly 
corresponding with the results of the direct analysis of the 
fluid ; in this respect urine contrasts forcibly with blood, the 
ash of which is largely composed of inorganic substances, 
which previous to the combustion existed in peculiar com- 
bination with proteid and other complex bodies. In the ash 
of urine there 1s rather more sulphur than corresponds to the 
sulphuric acid directly determined ; this indicates the exist- 
ence in urine of some sulphur-holding complex body. And 
there are traces of iron, painting to some similar iron-holding 


Urinary sediment of triple phosphates (large prismatic crystals) aad erate of ammonia, 
from urine which had undergome alkaline feementation.} 


substance. Bat otherwise, all the substances found in the ash 
exist aszalta in the natural fluid. The most abundant and 
important is sodium chloride. There are found in smaller 
quantities, calcium chloride, potassium and sodium sulphates, 
sodium, calcium and magnesium phoephates with traces of sili- 
cates, Alkaline carbonates are frequently found, and nitrates 


in small naan are also said to be sometimes present. 

‘The phosphates are derived partly from the phosphates 
taken as such in food, partly from the phosphorus or phos 
phates peculiarly associated with the proteids, and partly from 
the phosphorns of certain en ee fats, such as lecithin, 


When urme becomes alkaline, the calcic and magnesic phos- 
phates are precipitated (Fig. 145), the sodium phosphates 
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found a body, wz proteid reactions; and an aqueous solu- 
tion of the precipitate is both am mats and proteolytic, é.¢., 
appears to contain some of both ¢ salivary (pancreatic) 
ferment and pepsin. 


7. Gases.—Those gases which can be extracted from urine 
by the mercurial pump are chiefly nitrogen and carbonic 
acid, oxygen occurring in very small quantities or being 
wholly absent. 


‘The quantities in which these multifarious constituents are 
present within very wide limits, being dependent on the 
nature of the food taken, and on the circumstances of the 


body. These points will be considered in the succeeding 
chapter. What may be called the average composition of 
human urine is shown in the following table, 


Amounta of the Several Urinary Constituents passed in tirenty.four 
howrs—(After Parkr) 


too 


1510 
0305, 
ASO 
1260 


of Urine.—The healthy urine of man is acid, the 

amount of acidity being about equivalent to 2 grams of ox- 
alic acid in twenty-four hours. Tt is due to the presence of 
acid sodium phosphate, the absence of free acid being shown 
by the fact that sodium hyposulphite gives no precipitate. 
amount of acidity varies much during the twenty-four 
hours, being in an inverse ratio to the amount of acid secreted 
by the stomach; thus it decreases after food is taken, and 

43 
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(mee the epithelium of the secreting tabules, and of whut ma) 
called a filtering part, the Malpighian bodies. Corres f 
ing to this double structure we find that of the various urin 
constituents enumerated in the preceding section, some, suc! 
= ee are erick Ls be toned the ee 
ii any activity of the ki $ rs, such as 
the urii AArusate areas to be aiheont fre the blood; 
while of such as urea, it is probable that their oecur- 
rence in the blood is in part the result of some previous renal 
action, or at least it is not certain that this is not the case, 

of these we may fairly suppose, as Bowman' loog 
ago to be in large part at least simply filtered 
through the renal glomeruli; the others we may regard pro- 
yisionally as the products of the activity of the renal epithe- 
lium. Since the passage of fluids and dissolved subetances 
through ee ai 1 2h Hee! dey eri 

ie extent rapidity of that part of the wi 

Tense df tin siesttion of acta which is a pt filtration, will 
bs directly affected by the amount of arterial pressure in the 
renal arteries, while the effect of variations of arterial pressure 
on that part of the process which is a real active secretion, 
will be an indirect one only. Sinee, then, the discharge of 
urine by the kidneys must be to a much greater extent than 
is the case with the secretion of ealiva or of gastric juice a 
mere matter of pressure, it will be more convenient to study 
the relations of urinary secretion to blood-pressure before we 
enter upon the discussion of the active secretion itself, 


The Relation of the Secretion of Urine to Arterial Presmere. 


‘The circumstance to which we have to direct our attention 
is the extent of pressure present in the «mall vessels of the 


renal i. ~The more the pressure of the blood in these 
aa area ‘nepaag of the ‘laid in the channels of the 
uriniferous tubules, the more rapid and extensive will be the 
filtration from the one into the other, 

This local blood-pressure in the small veasels of the glom- 
eruli may be increased— 


1. By an increase of the genera) blood-pressure, brought 
about (a) by an increased force, frequency, cte., of the heart's 





V Phil, Trans., 1942, 
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vaso-motor nerves is augmented, and constriction of the renal 
arteries as well as of other arteries in the body is brought 
about. The increase of general blood-pressure thus produced 
is insufficient to compensate for the increased resistance in the 
Regime yy as gas pane Be flow of blood =o 
lomeruli is largely reduced. Indeed, on inspection 
ee seen during the stimulation to become pale and 


Section of the renal nerves is followed by 2 most copious 
secretion, by what has been called hydruria or polyuria, the 
urine at the same time frequently becoming albuminous. The 
section of the nerves, by interrupting the visseo-motor tracts, 
leads to dilation of the renal arteries, and this to increased 
pressure in the anal vessels i tees glomeruli, Tf, after section of 
the renal nerves, the cord be divided below the medulla, the 
polyuria disappears; for the diminution of general blood- 

ressure thus produced more than compensates for the special 

lation of the renal arteries, Conversely, if after section of 
the renal nerves the cord be stimulated, the flow of urine is 
still further increased, since the rise of general blood-preasure 
due to the general arterial constriction, caused by the stimula- 
tion, tends to throw still more blood into the renal arteries, on 
which, owing to the division of their nerves, the spinal stimu- 
lation is powerless, 

Section of the splanchnic nerves, de which apparently 
the vaso-motor tracts from the spinal cord to the kidneys run, 
produces also an incréased flow of urine. But the augmenta- 
tion in this case is smaller and Jess certain than in the case of 
section of the renal nerves themselves, since the splanchnic 
nerves govern the whole splanchnic area, and hence a lar; 

ion of the increased supply of blood is diverted from 
ge other abdominal organs. Conversely stimulation of 
the splanchnic nerves arrests the flow of urine by producing 
constriction of the renal arteries, 

We shall have occasion, in the succeeding chapter, to call 
attention to the fact that puncture of the fourth ventricle, 
or mechanical irritation of the first thoracic ganglion, gives 
rise to the appearance of a large quantity of sugar in the 
urine, and at the sme time causes a more copious’ flow of 
that fluid; the condition of body thus brought about ix known 
as artificial diabetes. The increased flow of urine in this case 
cannot be accounted for by supposing that the increased quan- 
tity of sugar in the blood in passing out by the isaney leada 
in some way or other to an increased excretion of water; for 
the ime operation, or a similar injury to certain parts of the 


Ua 
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Sceretion of the Renal Epithelium, 


While thus recognizing the importance of the relations of 
the flow of urine to blood-pressure, we must not be led into 
the error of supposing that the work of the kidney is wholly 
a matter of filtration, The glomerular ism, 60 
cially fitted for filtration, is after all a small portion only of the 

le kidney, and the épithelium over a large part of the 
the tulidi triniferi bears most distinctly the charac- 
ters of an uctive secreting epithelium. These facts would 
lead us @ priori to suppose that the flow of urine is in part the 
result of an active secretion comparable to that of eali- 
or other glands which we have already studied. And 

bial a experimental evidences that such is the case. 

For a flow of urine may be artificially excited even when 
the natural flow has been arrested by diminution of blood- 

‘Thus if, when the urine has ceased to flow in con- 
sequence of a section of the medulla oblon; certain sub- 
stances, such as urea, urates, etc., be injected into the blood, 
& copious secretion is at once set up. This secretion is unac- 
companied by any rise of blood-pressure sufficient to account 
for pists on any ogre hypothesis’ The eons baie 

explaining the phenomena is to su it the 

of these substances in the blood aici the renal epithe- 
lium to an nnwonted activity, causing them to pour into the 

interior of the tubules a copious secretion, just a4 the 
of pilocarpin in the blood will cause the salivary cells to pour 
forth their secretion into the lumen of their ducts. This ex- 
lanation, of course, supposes that, in the ordinary state of 
blood, the epithelium cells are quiescent, or at least do not 
secrete any Sgn quantity of fluid, otherwise the mere 
int ce of the ure arrangements due to the section of 
the medulla oblongata would not arrest the flow. And, indeed, 
this abnormal activity of the epithelium is in itself no saffi- 
cient proof that any large part of the normal flow of urine 
is due to a normal action of the epithelium. There remains, 
however, the fact that, in the absence of the usual blood-press- 
ure, # considerable quantity of flaid may, under the influence 
of suitable seiranli, be secreted into the interior of the tabuli 
firiniferi, and’ so give rise to even a copious flow of urine. 
And this warns us to be cautions in accepting in all cases, 
evén in the instances quoted previoasly, a vasomotor éxplan- 


1 Of, Ustimowitech, Ludwig's Arbeiten, 1570, p. 199, 
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tho colls into the interior of the tubules. One observation he 
made of a peculiarly interesting character. After injecting 
a certain quantity of pigment, and allowing such a time to 
elapse as he knew from previous experiments would suffice 
for the passage of the material through the epithelium to be 
well completed, he injected a second quantity. He 

found that the excretion of this second quantity was most 
a dna imperfect. It seemed as if the cells were ex 
by their previous efforts, just as. muscle which has 

we severely tetanized will not respond to a renewed stimu- 
ion. 
As far as indigo-carmine is concerned then, we are justified 
in speaking of an active, though not a formative secretion, an 
excretion rather i. 


reason that these substances give rise, a3. w 
such a copious flow of urine that the contents of the tubules 
are eat exeycand the evidences of local activity are thus 
lost. it we have evidence of another kind that the urea 
which appears in urine, from the blood into the renal 
duets through the epithelium of the tubuli uriniferi and not 
the glomeruli; and if so it can hardly be doubted 
that flow of urine which follows the injection of urea inte 
the bloodvessels after section of the medulla, is caused by the 
efforts of the epithelium to carry off from the blood the excess 
of urea, though why the passage of urea should thus neceasi- 
tate the concomitant secretion of fluid while the indigo-carmine 
is carried through without any such accompanying fluid is at 
promt a matter of obscurity. The evidence that urea passes 
e epithelium of the tubules and not by the glomeruli is 

the following kind: 

Tn the amphibia, the kidney has a double vascular supply; 
it receives arterial blood from the renal artery, but there is 
also poured into it venous blood from another source, The 
femoral vein divides at the top of the thigh into two branches, 
one of which runs along the front of the abdomen to mect its 
fellow a ven gris line and ae ues aba 

in, while the other passes to the outer border of the 
Sey eS in the substance of that organ, formi: 
called renal portal system. Now the glomeruli are supplied 
exelasively by the branches of the renal artery, the renal ven 

“ 





process of filtration, whose obj 
possible a quantity of water pas 
the work 


may give rise to a discharge of 

may give rise to the 
A rine, Pr solution ey Feige water. 
e discharge of water primary 
the solid matters which escape at the same time 
secondary importance; in the second process the ex- 
cretion of the solid substance is the primary object, and the 
accompanying water of secondary importance, and indeed 
sometimes absent. The first process is governed (mainly at 
Jeast) by the vasoanotor nervous system; the second process 
is excited, as far as we know at present, by substances in the 
blood acting directly as chemical stimuli to the epithelium; 
but future researches may disclose the existence of a secretory 
nervous mechanism analogous to that of other secretory glands, 


Future investigations must determine what constituents of the 
urine besides urea, urates, ete., are thrown into the urine by the 
active secretory Piven ani what simply pass by filtration through 

a wi be studied 


the gomen hele of Ce cna oe oy om requires to be studi 


One consideration, of quite second importance in the 
glands which have been previously echimy mires 
prominence when the kidney is being studied. tn stud 
the pancreas and gastric glands, we concluded without oath 
discussion that the zymogen and pepsin were formed in 
the epithelium cells; for no great manufacture of these sub- 
stances ix going on in other parts of the body. The kidney, 
however, is emphatically an excreting organ; its great fune- 
tion is to get rid of substances produced by the activity of 

tissues; ite work ix not to form, but to eject, There ean 
be no doubt, to put forward a strong instance, that with 
to urea it would be absurd to suppose that the whole 

of changes from the proteid condition to the urea 
is carried on by the kidney. But there still remain the 
epee Are any of the stages carried on in the kidney, and 

90, what? Is the secreting activity of the renal epithelium 
confined, as was suggested in our early remarks on secretion, 
P. 335, to picking out the already formed urea from the blood? 
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fess sntecedout of ure, acd in the lsborclory of Spree 
some ani it of urea, in its prote- 
plasm conyert that antecedent of urea into urea itself? and if 
80, what is that antecedent which comes to the kidney in the 
blood of the renal artery?’ And so with many of the urinary 
constituents, 

In order to complete our study of renal activity, this question 
onght to be consi now; but for many reasons it will be 
more convenient to defer the matter to the succeeding chapter, 
in mk we deal with the metabolic events of the in 
general. 


Ske. 3. Micrurittox, 


‘The urine, like the bile, is secreted continuously; the flow 
may rise and fall, but, in health, never absolutely ceases for 
any length of time, The cessation of renal activity, the so- 
called suppression of urine, entails spoody death. minute 
streams passing continuously, now more aed! more 
slowly, along bules, are 


the collecting and dechanging 
gathered into the renal pelvis, whence the fluid is carried 
along the ureters by the peristaltic contractions of the muscular 
walls of those channels (see p. 147) into the urinary bladder. 
When a ureter is divided in an animal, and a canula inserted, 
the urine may be observed to flow from the canula di by 
drop, slowly or its according to the rate of secretion. 


the urinary bladder, the urine is collected, its return into the 
ureters bag prevented by the oblique valvular nature of the 
orifices of thase tubes, and its discharge from thence in con- 
siderable quantities ix effected from to ey 8 some~ 
what complex muscular mechanism, of the nature working 
of which the following is a brief account. ‘The eae 
muscular fibres forming the greater part of the vesieal wal 
ly in w more or Jess longitudinal direction 
Jed detrusor wrinee, 


‘the bladder is contracted 

Tr ceo 

the tlaid is, however, ited by tine aa ay oe 
vent 

Insti 7 netted abot which channel 
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need of making water, the sensation being Spee 
the trickling of a few drops of urine from the full 
ito the urethra. We are then conscious of an effort; 
during this effort the bladder is thrown into ak tinued 
contraction of an obscurely peristaltic nature, the force of 
which is more than sufficient to overcome the elastic resistance 
of the urethra, and the urine issues in a stream, the sphincter 
pe ae © ter, being at the same time relaxed 
be Seaep ani. In its along: 
the Tetohea te the pA of the urine is forwarded by irregularly 
rhythmie contractions of the bulbo-cavernosus or ejaculator 
uring muscle, and the whole act is farther assisted by pressure 
on the bladder exerted iby means of the abd muscles, 
very much the same as in defecation. 


in isnot a sphincter,” 
thy nen of th the i 
ladder. On the 


roof brenty inches it he #0 long as the bladdor is governed 
an intact hee cord, but a ene of six inches only when the 
troyed or 


@ vesical nerves are severed, 
affords very evidisnas in favor of the view that the obstruc- 
fee at ther ‘peck of the bladder to the exit of urine depends on some 
mouseular contraction maintained by a reflex or automatic action 

of th the lumbar spinal cord’, 


Micturition, therefore, seems at first sight, and especially 
when we appeal to our own consciousness, a ly volun- 
act. A yoluntary effort throws the bladder into eon- 
tractions, an accompanying voluntary effort throws the ej ee 
lator and abdominal muscles also into contractions, and the 
resistance of the urethra being thereby overcome the exit of 
the urine naturally follows. If we “adopt the view of a 
sphincter Yesiew, we have to add to the above simple state- 
ment the supposition that the will, while causing the detrusor 
urine to contract, at the same time lessens the tone of the 
sphincter, probably by inhibiting its centre in the lumbar cord. 
re are two facts, however, which prevent the accept- 

ance of so simple a view. In the first place, Goltz? has shown 
that quite normal micturition may take place in a dog in 
Which the lumbar region of the spinal cord has been com- 
pletely separated by section from the doreal region. In such 


2 Cf, Ott, Journ, Phys., ii (1879), p. 59. 
* Pilagor’s Archiv, vill (1874), p. 474. 


lumbar spin 
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suffering. Tt seems that fibres of the bladder, like all other 
muscular fibres, have their contractions augmented in pro- 
portion as they are subjected to tension (see p. 116), Just ava 
previously quiescent ventricle of a frog's heart may be excited 
to a rhythmic beat by distending its cavity with blood, so the 
quiescent bladder is excited, by the distension of its cavity, 
to a peristaltic action which in normal cases is never carried 
beyond a first effort, since with that the bladder is emptied 
and the stimulus is removed, but in cases of obstruction is 
enabled clearly to manifest its rhythmie nature. 

‘The so-called incontinence of urine in children is in reality 
an easily excited and frequently repeated reflex micturition. 
In cases of spinal disease another form of incontinence is 
common. The bladder becoming full, but, owing to a failure 
in the mechanism of voluntary or reflex micturition, being 
unable to empty itself by a complete contraction, a continual 
dribbling of urine takes place through the urethra, the ful- 
ness of the bladder being sufficient to overcome the elastic 
resistance, or the tone of the sphincter suffering from the 


spinal affection and becoming permanently inhibited. 


‘The latter view seems improbable, and there is no sati 
eridence that intrinsic contractions of the bladder do not occur in 


un, 
aan a centre for reflex action, _ When the history of the sub- 
maxillary ganglion (p. 338) is borne in mind, such a conclusion will 
vateraly bo 7 od with great caution. 


¥ Hofmann u. Schwalbe, Jnhresberichte, iv (1877), Absh., ili, p, 87. 
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CHAPTER V, 
THE METABOLIC PHENOMENA OF THE BODY. 


We have followed the food through its changes in the ali- 
mentary canal, and seen it enter into the blood, either di 

or by the intermediate channel of the chyle, in the form of 
peptone (or otherwise modified albumin), oe (lactic acid), 
and fats, accompanied by various salts, ¢ have further 


as we ure able the various steps by which the one is trans 
formed into the other, and to inquire into the manner in whieh 
the energy set free in this transformation is distributed and 
made use of. 

‘The master tissues of the body are the muscular and nere~ 
ous tissues ; all the other tissues may be regarded as the sery~ 
ants of these. And we may fairly presume that besides the. 
digestive and exci tissues which we have already studied, 
many paris of the are en either in farther elabo- 
rating the comparatively raw food which enters the blood, i 
order that it may be usimilated with the least possible labor 
by the master tisnes, or in so modifying the waste ucts 
which arise from the activity of the master tissues that they may 
be remoyed from the body us speedily ax posible. There can 
be no doubt that manifold intermediate changes of this kind 
do take place in the body; but our knowledge of the matter 
is at present very imperfect, In one or two instances 
can we localize these metabolic actions and ‘di 





GLYCOGEN. 


See. 1. Meranouic Tissuns, 


The History of Glycogen, 


The best-known and most carefully studied example of meta- 
bolic uctivity is the formation of Blycogen in the hepatic cells. 

Claude Bernard,’ in studying the history of sugar in the 
economy, was led to compare the relative quantities of sugar 
in the portal and hepatic veins, expecting to find that the 
sugar peesibly dimsintohed in the passage of the blood through 
the liver; he was astonished to discover that, on the contrary, 
the quantity was vastly increased. He found, and any one 
can make the observation, that when an animal living under 
ordinary conditions is killed, the hepatic blood after death con- 
tains a considerable amount of sugar (grape-sugar),even when 
there is little or none in the portal blood; moreover a simple 
aqueous infusion of the liver is rich in sugar. Not only #0, 
but the sugar continues to be present in the liver when all 
blood has been washed out of the organ by a stream of water 
driven through the portal vein, and goes on increasing in 
amount for some hours after death. Only one interpretation of 
these facts is possible; 90 fur from the liver destroying or convert- 
ing the sugar brought to it by the portal vein, it is clearly a 
source of sugar; the hepatic tissue evidently contains some 
substance capable of giving rise to the presence of sugar. 
Bernard further found that when the liver was removed from 
the body immediately after death, and, after being divided 
into small pieces, was thrown into boiling water, the infusion 
or decoction contained very little sugar, and that the small 

juantity which was present did not increase even when the 
Scant was allowed to stand for some time. The decoction, 


however, was peculiarly opalescent, indeed milky in appear- 

ance; whereas the decoction of a liver which had o. 

allowed to remain exposed to warmth for some time after 

death, before being boiled, and which aecordingly contained 

a lo amount of sugar, was quite clear, On adding saliva, 
other amyl 


or lolytic ferment, to the opalescent, sugarless, or 
nearly sugarlesa, decoction and exposing it to a gentle warmth 
(352-402), the opalescence disappeared; the fluid became 
clear, and was then found to contain a considerable quantity 
of sugar. Here again the explanation was obvious. The 
opalescence of the decoction of boiled liver is due to the 





‘Nouv. Poact, du Foto, 1863, 





of Me 
glycogen in the liver; and this is 
of starch and of dextrin and of the various forms of sugar, 
cane, and milk sugur. The effect may be quite a ray id 
has been found in the liver in considerable 


‘This appears to be especially t! with do, robabl; 
with © carnivorous nlite also); and in his ane sf 
nt the constant presence of 
piycoren in the livers of dogs on meat as an important 
lication of the conversion within the body of nitrogenous 
into nomnitrogenous material. But in the first place, the 
pn Di ie thus stored up in the liver as the result 
of a meat dict is much less than that which follows upon a 
Ce Hater and in the second place, ordinary meat, 
especially horse-flesh on which dogs are ordinarily fed, con- 
taina in itself a certain amount either of glycogen or some 
form of sugar. Moreover when animals are fed not on meat, 
bat on purified proteid, such as fibrin, casein, or albumin, the 
quantity of glycogen in the liver becomes still smaller, though 
ing to most o! remaining greater than during 
starvation. We may infer therefore that part of the glycogen 
which aj in the liver after a meat dict is really due to 
pwever, 


to fats, all observers are agreed that these lead 
to no accumulation of glycogen in the liver; an animal fed 
on an exclusively ise ict has no more glycogen in its liver _ 
than a starving animal, 

Hence of the three great classes of food-stuffs, the carbo- 
hydrates stand out prominently as the substances which taken 
as food lead to an accumulation of glycogen in the liver. Con- 
fining our attention for the present to this chief source of gly- 
cogen, the question naturally presents itself: What is the exact 
mode in which the carbohydrates of food thus give rise to an 
excess of glycogen in the hepatic cells? Is it that they reach- 


+ Dock, op. cit. 
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material demand, so that the exeess whieh ay 
after mt Gung aroote she ine tn tbs thot that the as 
drates taken as cover the necessary expenditure, 
vent any demand being made on the hepatic store? we 
we attempt, however, 

oust turn aside to consider another question : 
of the hepatic gly: during life? Is it reconyerted little 
by little Ree into the blood of the hepatic 
veins, is oxidized or otherwise made use of, or is it in 
patic cells converted into some more complex substance, it 
may be fat or some other body? 

‘The view that glycogen is conyerted into fiat is based chiefly 
on the facet that, as we shall see Inter on, the carbohy 
fhe pe unducbiady, in some hes other, @ 

he body, that a lange quantity, frequently a 

Jarge quantity, of fat is found in hepatic cel e 
the quantity of fat present seems to be increased 
ay naturally increase the glyeogen in the liver. iL we 
have occasion to point out that the direct conversion 
bohydrates into fat is at least disputed; and no 
been able even to su, the way in which gh 
converted into fat. In the absence of more he. 
information, the discussion as to the fate of the hepatic gly- 
cogen has been made to turn chiefly on the question, wh 
there is evidence of the reconversion rey 7 i 


Be 


aEFE 


EH 
it 


rs 


i 





1 Legons sur le Diabéte, 1877. 
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the other hand, Pavy was the first to maintain that the blood 
in the hepatic vein, if care be taken to keep the animal in a 
perfectly normal condition, contains no more sugar than does 
the blood of the right auricle or of the portal vein, and, in- 
deed, that the liver itself, if examined before any post-mortem 
changes have had time to develop themselves, is absolutel 
free from sugar; in this he has been supported by Tscherinol 
and others. 

Now the quantitative determination of sugar in blood 
whichever procedure be adopted is open to many sources of 
error.’ And when the quantity of blood which is continu- 
ally flowing through the liver is taken under consideration, it 
is obvious an amount of sugar, which in the specimen of 
blood taken for examination fell within the limits of errors 
of observation might, when multiplied by the whole quantity 
of blood, and by the nuinber of times the Blood passed three 
the liver in # certain timo, reach dimensions quite sufficient 
to account for the conversion into sugar of the whole of the 
glycogen present in the liver at any given time. Hence we 


or f safcly conclude that the comparative analyses of hepatic 
blood, if ot do not of themselves prove that the 

liver is either contin 

its glycogen into sugar and discharging this sugar into the 

general system, are at least not sufficiently trustworthy to dis- 

prove the possibility of such a discharge of sugar being one 

of the normal functions of the liver, 


ly or at intervals converting some of 


Normal hepatic blood was obtained by Pavy, by means of an in- 
ious catheterization. He Mecey through the jugular vein, 
Fito the superior, and so into the inferior, vera cava, a Jong cathe- 
ter, constructed in such a manner that he could at pleasure plug sp 
¥ena cava below the embouchement of the hepatic veins, 
draw blood exclusively from the latter ; or tice versa, 


Tn the absence of positive evidence we are thrown back 
upon theoretical considerations ; and undoubtedly there are 
many @ priori arguments which may be urged in support of 
the view that the glycogen is deposited in the liver simply as 
a store of carbohydrate material, being accumulated share 
ever amylaccous material is abundant in the alimentary 

and being converted into sugar and so drawn upon by 
the body at Jarge to meet the general demands for carbo- 
hydrate material during the intervals when food is not being 
taken. And we can accept thir view without being able to 
say definitely what becomes of the sugar thus thrown into 


V Of Pligge, Zt f. Blob, xill, p. 139. 
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A similar argument may be drawn from the relations of glyoo; 
to muscle, So frequently ix glycogen found in muscle that it fone 
be aan ordinary though not an invariable constituent of 
that ;_indeed, it may almost be considered as a constituent of 
all contractile tissnes, According to Chandelon' it is increased in 


be faly alive and 
ily absent.® From this we 
hemieal factor of mus- 
bliss, and hence is stored. up in the mucle 40 a8 to be ready ai 

hand for mse. The fxet observed by Weiss,* that in starving 
zl is still found in the | muscles after it has disap- 
from the liver, thut this secondary and special store 
in the muscle was, from its functional importance, more constant 
dered as the general and primary store in the 
Pere a ean ae 

m 5 from ot! 

before the store in the liver has been exhausted. © 


Bat if we answer the question, What becomes of the he- 
ja ‘cogen, by accepting the view that the hepatic glycogen 
simply store glycogen, waiting to be converted into sugar 
little by little aa the needs of the economy demand, and not 


pro ‘on its way to take part, beer the agency of the 


protoplasm, in the formation of some more complex 
compound, such as fat, we have prepared the way for an 
answer to the question with which we started, In what is the 
exact ori the hepatic glycogen? For if such be the 
purpose pircentn, it is only reasonable to rappose that the 
glycogen which makes its appearance in the liver after an 
amylaceous meal arises from a direct conversion of the grape- 
sugar carried to the liver by the Pica vein, the sugar 
becoming, through some action of the hepatic protoplasm, 
dehydrated into starch, by a process the reverse of that by 
which in the alimentary canal starch is’ hydrated into sugar 
through the action of the salivary and pancreatic ferments. 
Vegetable protoplasm can undoubtedly convert both starch 
into sugar and sugar into starch; and there are no a priori 
its or positive facts which would lead us to suppose 

that the activity of animal protoplasm cannot accomplish the 

4 PAligor’s Archiv, xiil (1976), p. 620. 

Naw, Paige Archie. i LA ots |, pe OTs atv (877), p. 484. 

* Luchsinger, P@iager’s Archiv, xviii ( yp. 472. 

+ Wiener Ritsungabertchte, Ba. 64 (1871). 
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latter aa well as the former of these changes. At the same 
time it must be remembered that this view does not preclude 
the possibility of yengan, Ln thi abgonte- SES ax RIY Stare 
from the portal blood, as for instance when glycogen is stored 
up in the liver as the result of purely proteid food, being 
formed in other ways. 


Tt hag been siated' that glycerin, introdaced into the alimentary 
catal, gives rise to an increas of plveagtay in be livers” aii Tage 


i finds that b animal, the liver of whieh hi 
en a nanan Oe ee 
cs 


liver, wate an hour of the being 


inder the skin, and ab- 


uw 
leads to no 


flicting.* The balance of evidenos 
being stored up in the liver as a res 
‘This would indicate a transformation into , 
genous moiety resulting faa that splitting up of gelatin of which 
we shall have to speak on. 

Tn general, glycogen, having as far as we know in all cases the same 
dl ers, uppears to be formod in warring quantity when any of 
the following substances are given as food: starch, dextrin, 
(cane, grape, fruit, mifk), inulin, lichenin, arbutin, 
sa rin, casein, gelatin. Tt appears not to be by fiat, 
inosit, quercite, mannite, ¢rythrite. 


‘The question may be asked, How is it posible for the 


1 Weiss, Wiener Sitzungsborichte, Bd. 67 (1878), Lachsinger, Pild- 
gor's Archiv, viii (1874), p. 280. 

stud viiitiersy seis) STs 

eykine bs Bs 


rnard, MacDor A 
Zt Bek in eer Lachsinger, Mering, op. cit. Wolff berg, 
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glycogen, which at the temperature of the body is so readily 
converted into sugar by the action of ferments, to remain as 

lycogen in the presence of the ferment, which, as we know 
on post-mortem chai exists in the hepatic tissue? We 
can only answer that the solution of this problem is of the 
same kind as that of the problems, why blood does not clot in 
the li bloodvessels, why the living musele does not become 
rigid, and why the living stomach or pancreas does not digest 
itself. It might be added, bearing in mind the history of the 
fibrin ferment, that we have no proof that such an amylolytic 
ferment does exist in the living hepatic cells. It is possible 
that the ferment which can be extracted after death only 
makes its appearance as the result of changes which haye 
taken place in the protoplasm of the hepatic cells. 


lied kind of sugar, thi 
be : a apeainns 


complex 
, simply 
con 


f 
mites wookl ba tant copceneakl ear 


Diabetes.—Natural diabetes is a disease characterized by 
the appease of a large Cerakig of rin the urine, 
Tato pathology of the various forms of this disease it is 
impossible to enter here; but a temporary diabetes, the ap- 
pesrance for a while of a large quantity of sugar in the urine, 
may be artificially produced in animals in several ways. 
the medulla oblongata of a well-fed rabbit be punctured (Fig. 
says the region which we have previously described (p. 269) 
as of the yaso-motor centre (the area marked out by 
Eckhard as the diabetic area agreeing very closely with that 


defined by Owsjannikow as the vaso-motor area), though the 
animal need not necessarily be in any other way obviously 
45 





534 METABOLIC PHENOMENA OF THE BODY. 


affected by the tion, its urine will be found, in an hour 
or two, or even less, to contain a considerable quantity of 
sugar, and to be increased in amount. A little later the 
quantity of sugar will have reached & maximum, after which 
it declines, and in a day or two, or even lew, the urine will 
again be perfectly normal. The better fed the animal, or, 
more exactly, the richer in glycogen the liver at the time of 
the operation, the greater the amount of sugar. Tf the ani- 
mal te previously starved so that the liver contains little or 
no glycogen, the urine will after the operation contain little or 
no sugar. It is clear that the urinary sugar of this form of 
artificial diabetes comes from the glycogen of the liver, The 
puncture of the medulla causes such a change in the liver 


‘To show the position of the punctures required to produce glucomuris, the tates of the 
cerebellum are separated; below are soen the restiform bodies, the divergence of which 
cireumscribes the apex of the calarous scriptorius and the fourth veetrice. The panc> 
ture 4” produces glyooruria, the puncture f glyconuria with polyeria, and a puncture a 
little higher vp than f, albemimurta-} 


that the previously stored-up glycogen disappears and’ the 
blood hens ate with He ih much if es all of which 
passes away by the urine. In the absence of any proof to 
the contrary, we may assume that in this form of artificial dia- 
betes the glycogen previously present in the liver becomes con- 
verted into sugar, just as we know that it does become # ¢on- 
verted y post-mortem Ls bel The glycogenic function of the 
he i 


liver is therefore subject to the influence of the nervous system, 
and in particular ana influence of a region of the cérebro- 
spinal centre which we already know as the yaso-motor centre, 
or at least of a of that region. The path of the influence 
may be traced along the cervical spinal cord (and not along the 
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vagi, though the yoots of these nerves lie ao clase to the dia- 
betic spot) as far down a (in rabbits) the level of the third 
or fourth dorsal vertebra,’ or even a little lower, from the 
cord to the first thoracic glanglion, and from thence to 
the liver by some channel or channels at present undetermined, 
We cannot at present define clearly the natare of that. influ- 
ence, We cannot say whether the temporary diabetes is a 
simple effect of dilation of the hepatic arteries which accom- 
panies the diabetic puncture or of some direct action of the 
nerves on the metabolic activity of the hepatic protoplasm, 


Acoonling to Eckhard? the phenomena are those of irritation, and 
not uf the simple withdriwal of any accustomed nervous influence. 
te Rey TY oe ee jury rare first Bonde fees 

76) iabetes, no ffect is prod: 
pple ie ref tosorah or is coumeionn oils te apie 
or or with the remainder of the thoracic chain be completely 


ivided. 

Cyon and rege the oT regard the whole matter as 
one of simple loss of vascular tor They state that the diabetic 
puncture produces dilation of ‘ihe mall branches of the hepatic 
artery, from injury to the corresponding portion of the general 
Yaso-motor centre, and accordinyly fod, in opposition to bal 
tet simple division of the nervous path, removal of the first tho- 

lion, or division of certain (variable) nerves proceeding 
Sora it, produces diabetes equally well as irritation of the ganglion. 
Eckhani found that simple section of the splanchnic nerves, not 
oo Ee? not ge diabetes but even prevented its occurrence 
reviously to the diabetic puncture. On the 
ipo that that the phenomena in question are those of irritation 
and not of paralysis, this fact would secm to show that the splanch- 
nice serve as the op egnesnhr by which the impulies set up in the 
medulla, thoracic ganglion, ete., reach the liver. Cyon and Aladoff, 
however, regard ea sheen of diabetes after simple section of the 
#planchnies as a proof that the vaso-motor fibres concerned in the 
matter pas to the liver by some other channel than the splanchnics; 
and they : ey the preventive influence of previous section of the 
Bpposng that this operation, by withdmwing a 
d into the abdominal o1 ) prevents the 
ae nthe Sittin of the comparatively small patie artery from, 
ling themselves. For, according to them, it is not tho total 
of bhood, but the relative ets of cael blood 
the liver, which determines of the sngar. 

Simple seotion of the spinal cord (in rab! Ma) some onetiings does and 
sometimes docs not produce diabetes, and in all cases the effect ap 
peans rapidly and soon disappears © Jomplate section of the spinal 


: meiard Boitrdee, vil asm, p79. 
pBeitrige, iv (1800), 13 sil 
4 Ball. Imp. Sel. St. Peloesbs xvi (1871), p. 908. 
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ay 4 eases astlonl spparently mich Briicke’s achroodex- 
in. 


‘There ean be no doubt that in diabetes, arising from what- 
ever cause, the su; i i 


to show; but it is panty revues that the sources of the 
excess may be various, and hence that several distinct varieties 
of diabetes may exist. In one among many points, the clin- 
ical history of diahetes throws light on the possible sources of 
aly . While in many, especially of the lest severe cases 
of diabetes, withdrawal of all amylaceous food is followed by 
a disappearance of sugar from the urine, in many instances 


the feo continues to be discharged even though the diet be 
perfectly free from Sarbalyitaten and in many other cases 


the sugar in the urine is far in excess of that taken as food. 
In these cases the sugar must have some non-amylaceous 
source; from this we infer that glycogen also may have a 
similar origin; and the fact that the urea is increased (and 
that too in some cases in ratio with the sugar’) in diabetes, 
suggests that the sugar may arise from proteids which have 
been split up into a nitrogenous (urea) and a non-nitrogenous 
moiety. 


Tt has been shown by Wickham Legg, and confirmed by Von 
Wittich, that ligature of the bile-ducts causes a disappearance of 
from the liver, and that (four or six days) after the — 

e produces no diabetes. This cannot be ex- 

us Von Wittich does that the glyeogen formed 

operation is icing 2 converted into sugar by a fer- 

in the stagnant, bile, for no sugar appears in the 

urine.” We are rather led to infer that the formation of the glyco- 
Royale by interference with the wutritive functions of the 


ccarding to Seegen* the sugar which is formed naturally in the 





1 Bochm and Hoffmann, Azchiv Exp. Path., vii (1877), p. 489. 
*Ringor, Med.-Chir, Trant., xliil. 

* Kiiiz and E. Freriche, Padger’s Archiv, xiii (1876), p, 400. 

# Pilager'« Archiv, xix (1879), p. 106, 
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it could not possibly be supplied with fat from without), is 
subject to fatty degeneration, in which the fat evidently arises, 
part at least, from the breaking up of proteid com- 


‘On the other hand, we have traced the fats taken as food, 

pass with comparatively little change 

canal into the blood, either directly, or 

through the intermediate of the chyle, We might 

infer from this that un excess of fat thus entering the blood 

would naturally be simply stored up in the available adipose 

tissue, without any further change, the connective-tisue cor 

‘ sien shea uieaior: 80 Sel ay hohe iro 

to them, but not digesting it, siny Ce] it in store till it 
was wanted elsewhere. . oe mae 

Which of these views is the true one, or how far are both 

bi carried on in the animal body? In the first 


these 
apres it ix evident that in an animal fattened on ordinary 
fattening food, sults small fraction of the fat stored uj 


the body ean possibly come direct from the fat of the . 
Lang ago, in opposition to the views of Dumas and his school, 
who taught that all construction of organic material, that all 
actual manufacture of protoplasm or even of its organic con- 
stituents, was confined to vegetables and unknown in animals, 
Liebig showed that the butter present in the milk of a cow 
was much greater than could be accounted for by the scant: 
fist present in the gress or other fodder she consumed. He 
also urged, as an argument in the same direction, that the 
wax produced by bees is out of all proportion to the fat 
contained in their food, consisting as this does chiefly of 
» And Lawes and Gilbert’ have shown by direct anal- 
yais that for every 100 parts of fat in the food of a fattening 
pig, 472 pores were stured up as fat daring the fatteni 
period. It is clear that fat is formed in the body out 
something which is not fat, 
rea mesa possible eae of jatar 
treating of digestion (p. 385), we refer to the ibilit 
of digested carbohydrates becoming converted into fits By 
the butyric acid fermentation. Analogous ferment actions 
may similarly elaborate other fats. And there can be no 
doubt that a carbohydrate dict is most efficacious in producing 
an accumulation of fat in the body. Sugar or aanks in some 
form or other, is always a large constituent of ordinary fat- 
tening foods, 


+ Phil. Trans., 1860, 
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itin and 


‘constitution of the darn th log being eee 
, after a similar removal of I) neret 


a 2 & 

A. B A. B. c. A Be 
44.87 39.72 50.80 53.50 55.36 52.30 53,60 
19.23 32.48 9.00 13.20 13.24 13.20 15.40 
35.90 27.90 40,20 33,50 30.80 34.00 33.00 


Asignifies the subentancous, 8 the mesenteric, and ¢ the supra- 


renal adipose tissue. 
Moreover, when a dog was fed, ate a te eng fam 
ben's seit) Regan; cari meyereey jee WAS aml to abe 
at least S00 grams, po! nore trace of the sperma- 
oti was to be foutd in his fat. = be 


Of ere it sti powible that in such cages as these, 
the stearin, or olen, when absent from the food, 

some way or other constructed anew, yet at the same 

time those constituents which were present were simply stored 
up; but it is also open for us to suppose that all the fat taken 
8 food was in some way or other of, and that all the 


may be content 7 with the followi 
a anew in the animal body. 2. The prem ena of 


-formed fat may be ait either from amylaceous 
‘es the carbon surplus of proteid food, or from fats 
which aro not the natural constituents of the 


46 
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pan saccular dilatations, that act as receptacles 
milk during the period of lactation. (Fig. 148.) From these 
receptacles the milk is conveyed to the surface of the nipple 
through the final ducts. Near the base of the nipple are num- 
bers of sebaceous glands which seerete an unctuous fluid, 
which acts a a protection to the nipple and parts immediately 
surrounding during the act of sucking. 

The ducts consist of a fibrous coat, which is composed of 
fibrous, elastic, and unstriated muscular tissue. This coat is 


‘Termination of portion of MMb-dact ina chaster of follicles; from a mercerial lajectica ; 
‘exbarged four times. 


lined with a mucous membrane, consisting of a basenrent mem- 
brane with pavement or spheroidal epitheliam. 

The is invested with a fibrous tissue which tes 
poe eae of the pepres ten into is tissue i 
contains nerves vessels, with a very amount 
fat. "The capillaries form plexuses around the follicles] 


Since milk is a secretion, and, indeed, an excretion, the 
mammary gland ought not to be classed as a metabolic tissue, 
in the limited meaning we are now attaching to those words. 
Yet the metabolic phenomena giving rise to the secretion of 
milk are so marked and distinct, and have eo many analogies 
with the purely metabolic events in adipose tissue, that it will 
be more convenient to consider the matter here, rather than 
in any other connection. 
ao milk sci egste gravity ~ ‘eof to 1.034, 

when quite possesses a slightly alkaline reaction. 
It phic! acid, and cow's milk, even when quite 
fresh, is eometimes slightly acid, the ch f reaction taking 
place during the stagnation of the mil 
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‘There are present ako, to the extent of about 2 per cent. of the 
total fat, the Lee ioe peter capronic, mpyinanl myristinic 


8. Milk-sugar, the conversion of which into lactic acid gives 
rise to many of the features of milk. 


4. Extractiyes, including, aceording to some observers, urea 
and salts, The Inst consists chiefly of potassium phosphate, 
with calcium phosphate, potassium chloride, small quantities 
of magnesium phosphate, and traces of iron. 

The following is the composition of 1000 parts of 


Casein, . 
Albamin, 
Fat, . 


Totalsolids, . .  . 
Water, . “—— ‘ ry 


Milk is an emulsion, the fats existing in the form of globules 
of various but minute size, each protected by a thin envelope 
of casein or albumin. It is this condition of the fat which 
gives to mille its peculiar white color, (Fig. 149.) The colas- 
frum or secretion of the mammary gland at the beginning of 
lactation, differs from milk in being very deficient in casein, 
and proportionately rich in albumin, It is said that the milk 
at the end of a long lactation again becomes poor in casein 
and rich in albumin. Milk on standing turns sour and cur- 

‘This is due to the milk-sugar becoming converted by » 
fermentative process into lactic acid, which in turn precipi~ 
tates the eagein. The change may be rapidly brought about 
by means of a ferment contained in the gastric membrane. 
(See p. $14.) 

Milk, like the other secretions which we have studied, is the 
result uf the activity of certain protoplasmic secreting cells 
forming the epithelium of the mammary gland. As fir as 
the fat of milk is concerned, the processes taking place in the 
gland are very instructive, since the fat can be seen to be 
gathered in the epithelium-cell, in the same way os in a fat- 
cell of the adipose tissue, and to be discharged into the chan- 
nels of the gland, either by breaking up of th is, or by 
# contractile extrusion yery similar to that which takes yloce 
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splitting up ‘er albumin by some fermentative process, but no 
such ferment has yet been isolated. That the milk-sugar aleo 
is formed in and by the protoplasmn of the cell, is indicated 
the fact that the sugar is not t on carbohydrate 
and is maintained in abundance in the milk of carnivora when 
these are fod exclusively on meat, su froe as possible from any 
kind of sugar or glycogen. We thus have evidence in the 
mammary gland of the formation, by the direct metabolic 
activity of the secreting cell, of the Fepresentatives of the 
three great classes of food-stutls, proteids, fats, and carbohy- 
drates, out of the compre! rehensive substance protoplasm, 
what we see taking pl in the mammary cell ts probably a 
bot of what is any on in all on th mas bodies, If the 


tof the milk were not ejected from the mammary cell, the 


gland would become a mass of adipose tissue, pe 
cally if, ri a slight change in the metaboliam, the production 
of fat were exalted at the expense of the lnction of casein 
or milk-augar, If, suai, by a similar slight change the milk- 
sugar were accumulated rather than the fat or Pen we 


should have a result whieh, by an 7“ step, would bring ug 
to glycogenic tissue. And, iastl ly, if the proteid accumulation 
were ter than ue: oa or the saccharine, these being car- 
riod off in some way ier, Wwe should have an image of the 
nutrition of an iiacy nitrogenous tissue, 


‘That both the secretion and ejection of milk are under the control 
ae the nervons system is shown by common experience, but the 
exact nervous mechanism hus not yet been fully worked out. While 
ervetion of the baler exases when the spinal nerves whieh supply 
the bresst are divi the secretion continues, and is not arrested 
even when the xympathotic as well as the <pinal nti are ae 
fact that many medicines are elimi in part, by the 
mi eee aieere be Rom in mind. The influence of certain 
cathartics and a on the child, when given to the mother, is 


specially noticeable, 
The Spleen. 


[Physiological Anatomy of the Spleen.—The spleen is a 
duetless gland. It is covered with a tibro-elastic eas or cap- 
sule, which is reflected inwards at the hilum asa sheath for 
the bloodveseels, From the whole of the inner surface of the 
capeule numerous prolongations called frabecule are continued 
into the subetance of the organ, and these uniting with similar 


TKekhard, Boltrige, land vili (1877), p. 117. Rohrig, Virchow's 
Archiv, lavil (1878), p. 119. 
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cells and granular matter, which are supported in # stroma 
of Sibrillay tne tissue and capillary ‘The veins arise within 
the ne tither as enatnuatons the ae a8 
intercellular or a8 eseeal poucl ¢ capacity of 
the veins is abet that of the arteries The Sarees 
derived from the sympathetic and right pneumogastric.] 


‘The apleen railed be wholly removed from an animal with- 
out any obvious chan; igs in the economy taking place; the 
Preeti of the rest of the body appear to go on unimpaired. 
We are ised to assume that some compensating actions 
take place; but what those actions are we do not know, and 


Pra. 151. 


Malpighian Corpascle from the Spleen of the Hedgehog, with its vaicular supply. 
5, splenic pulp, with the inermediary blood passages ; ¢, the rootlets of the veils, 


we are loft at present by these sepa almost completely 


in the dark as to the functions of the spleen. The most that 
has been observed isa slight increase in the lymphatic glands, 
and in the activity of the medulla of bones. 


Schiff! maintains that after extirpation of the spleen, pancreatic 
juice is no longer able to digest proteids He believes that the 
spleen during its turgescence manufactures # substance which, being 
bokeh to the pancreas, gives rise by a kind of ferment action of ite 

the pancreatic protealytic ferment. In the language of 
eldenbatn * srpall, the presence of the ple mnie prosiuct is necessary 
for the conversion of the zymogen into the panerentio proteolytic 





“ic Zt. £. Heilk., i (1862), p. 209, See also Legons eur ta Di- 
gestion, 
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ferment. Herzen’ further states Lie in. the exceptional cases 

the sploen does not become tary band titi, luring digestion, the 

aie 1s inert towards proteids. ¢ evidence in favor of this pon 
of the spleen is, at present, not cogent, and Mosler’ denies that ex- 

tirpation of the spleen lias any influence whatever over either gastric 
or pancreatic digestion, 


After a meal the spleen increases in size, ray ho 
maximum about five hours after the taking of food; 

mains swollen for some time, and then returns to its sh 
bulk. In certain diseases, such as the pyrexia attendant on 
fevers or inflammations, and more especially in ague, a similar 
temporary enlargement takes place. In es, age a 
permanent hypertrophy of the spleen, the so-called ague-cake, 
occurs, 

The turgescence of the spleen seems to be duc to a relaxa- 
tion both of the small pare and of the muscular bands of 
the trabeculw; to be, in fact, a vaso-motor dilation accom- 
panied by a local inhibition of the tonic contraction of the 
other plain muscular fibres entering into the structure of the 
organ. And the condition of the spleen, like ey one 


vascular areas, aj to be 

system, the digont ve targascaan el ting lose fps 
to the flushed sondition of the of the js <a ane cone 
brane during their phases of acti 


Jatsooicend to Tarchanoff® section of the splenic nerves causes a 
ing inthe course az 


stimu! ated 
canses he 


nia, 


This functional intermittent tungescenee, so clearly related 
to the ingestion of food, may be connected with that manu- 
facture of white corpuscles and destruction of red corpuseles 
of the blood of which we spoke in an éarly chapter (p, 56); 


+ bt, f, Med. Wiss., 1877, p. 435. 
* Thid,, I87Iy p. 
2 Paliger's Archiv, vill (1874), p. 9. 
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open venous 
the highest degree probable that metabolic 


inons pro- 
teid, accompanied as it is by several liar but at present 
little understood pigments, rich in carbon, bears out the histo- 
logical conclusions pepearata eins of the red 
‘The inorganic salts of the spleen, or at least those 
of its ash, are remarkable for the lange amount of both soda 
ord arenes and the scantiness of the potash and chlorides, 
which they contain, thus differing from blood-corpuscles on 
Sapa tha smstesiking fetare ofthe open lg ta coe 
most stri ure 0: ip is its 
Sasa og ATA extractives, Of these the most common 
and plentiful are succinic, formic, acetic, butyric, and lactic 
acids (these may arise in part from the decomposition of him- 
in), inosit, leucin, xanthin, hypoxanthin, and uric acid. 
‘Tyrosin apparently is not present in the perfectly fresh spleen, 
h leucin is; both are found when decomposition has set 
in. constant presence of uric acid is remarkable, espe 


and during ordinary 
ce, and the 


t. The extractives of the thyroid are scanty, but 
apparently of the same nature. 
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this is simply a more or lees probable view, not an ascertained 
or clearly proven fact. 

Of the metabolism of the nervous tissues we know little; 
but kreatin is found in the brain, in some cases in not incon- 
siderable quantity. Now the bodies of the nerye-cells are un- 
doubtedly composed of protoplasm; the axis-cylinders of the 
nerve-fibres are also protoplasmic in nature, and it is at least 
possible that much of the peculiar matrix of the cerebral and 
cerebellar convolutions, and of the gray matter generally, 
is alzo in reality protoplasmic. Hence we may, with a certain 
amount of reason, ter Capi that the nervous, like the muscular 
tissues, are contin , but to a much less extent, supplying 
‘an antecedent to ures in the form of kreatin. 

Lastly, the spleen contains a considerable quantity of krea- 
tin, as well as of xanthin, ete. ; and these are present also in 
various glandular organs. 

‘We thus have evidence of « continual formation of kreatin, 
possibly in large quantities, in various parts of the body. On 
the other urea is certainly not present in muscle (save 


in certain sxotpetenal cases), and its presence in nervous tissue 


ig extremel, btful. It is absent from the spleen (of the 
occurrence of urea in the liver we shall ¢; presently), 
the th and thyroid bodies, and from the lymphatic glands, 
though uric acid, as we have seen, appears to be a normal con- 
stituentofthe spleen. It seems very tempting to jump at once 
from these facts to the conclusion that tin is the natural 
antecedent of urea, and that as far as nitrogenous excretion is 
concerned the labor of the kidney is contined to the simple 
transformation of kreatin into urea. We have only to sw 
that the kreatin passes from these several tissues into 
lood, in which it may be found, and while circulating in the 
blood is seized upon by the renal epithelium and conyerted 
into urea. And there are some facts which suj this view. 
Ba ore nid repro oppose it; and while pera 
to be wholly disproved, it cannot at present 
as sufficiently satisfactory to serve as a foundation for other 
arguments. 


hen, however, we reflect how all diffusion is overborne by the 
nat Physiological currents, ax shown indeed by the absence of 
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There is, moreover, another possible source of urea besides 
the kreatin formed in muscle and elsewhere. We have seen 
that one result of the action of the pancreatic juice is the 
formation of considerable quantities of leucin and tyrosin. 
In dealing with the statistics of nutrition, our attention will 
be drawn to the fact that the introduction of proteid matter 
into the alimentary canal is followed by a large and rapid 
excretion of urea, ing the idea that a certain part of 
the total quantity of the urea normally secreted comes from a 
direct metabolism of the proteids of the food, without these 
really forming a part of the tissues of the body. We do not 
know to what extent normal pancreatic digestion has for its 
product leucin, and its companion tyrosin; but if, inlly 
when « meal rich in proteids has been taken, a considerable 

juantity of leucin ix formed, we can perceive an easy and 
firect source of urea, provided that the metabolism of the 
body i# capable of converting leucin into urea.. That the 
body can this change is shown by the fact that leucin, 
when introduced into the ulimentary canal in even Is 
quantities, does reappear in the urine as uren; that is, 
urine contains no leucin, but its urea is proportionately in- 
creased; and the same is probably the case with ‘im, 
though this is disputed, Now the feucin formed in the ali- 
mentary canal is probably carried by the portal blood straight 
to the liver; and the liver, unlike’ other glandular organs, 
does, even in a perfectly normal state of things, contain urea. 
We are thus led to the view that among the numerous meta- 
bolic events which occur in the hepatic cells, the formation of 
urea out of leucin or of other antecedents may be ranked as 
one. Probable, however, as this view may appear, it has not 
as yet been established as a fact. 


Meixner’ found a lange quantity of urea in the liver of mammals, 
and of urates in the liver of birds. Cyon’ attempted to demonstrate 
the formation of urea in the liver by passing a stream of fresh blood 
diroagh the fiver of an animal recently killed. nnd estimating the 
percentage of urea in the blood used before and after. He found it 
to be increased from .08 to 1.76. This, however, is not conclusive; 
for, ux Gscheadlen has urged,” the increasod quantity in the blood 
which had been circalated might have been simply urea which had 
been washed out from the liver, where it had previously been stay- 
ing. A. strong presumption in favor of urea arising through the 
hepatic metabolism, from leucin as an antecedent, is afforded by the 


22. f. rat. Mod. (8), xxxi, 4. 
2Cht. £. Med. Wins., 1870, p. 680. 
* Cf. ako Mank, Piliger’s Archiv, xi (1875), p. 100. 
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Schultzen, or, lastly, by the union of ammonia with some ey: 
body? Our information will Doh ab present. allow us to decide this 
pointy though arguments have been adduced in favor of the latter 
vi 5 


‘To sum up our imperfect knowledge concerning the history 
of urea. We have evidence, not exactly complete, but fairly 
satisfactory, that a part at least of the urea is simply with- 
drawn from the blood by the renal epithelium, The activity 
of the protoplasm of the secreting alle must, therefore, as far 
as this part of the urea is concerned, be confined to absorbing 
the urea from the renal blood, and to passing it on into the 
cavities of the renal tubules. The mechanism by which this is 

we cannot at present fathom, but it seems more com- 
parable to a selection of food than to anything else; the cells 
ap) to treat urea much in the ime way as they treat 
indigecarmine (p. 516). The antecedents of ‘oe cen the 
are, we may at it stl) " y reatin 
formed in muscle fail slaraherts ct oy die eens and other 
like bodies formed in the alimen canal as well as in 
various tissues, The transformation of these bodies into urea 
may take place in the liver, and possibly in the spleen, but 
we have no exact proof of this, nor can we say exactly in 
what way the transformation is effected, There is no proof of 
any body existing in the blood capable of effecting this trans 
formation; and we may probably rest asyured that in this, as 
in other metabolic events, the activity exercised in the eb: 
comes from some tissue, and cannot be manifested by aM 
blood-plasma. 

Lastly, it is ible that the kidney may, besides the sim- 

Ee duty of withdrawing ready-formed urea from the blood, 
exercised in transforming various nitrogenous seyeallins 
bee to serve a8 part of the supply of urea which passes 
it. 


Urie Acid —This, like urea, is a normal constituent of 
urine, and, like urea, has been found in the blood, and in the 
liver and spleen. We have already (p. 551) referred to its 
relations with this latter organ. In some animals, such as 
birds and most reptiles, it takes the place of urea, In various 
diseases the quantity" in the urine is increased; and at times, 

1 Cf, Salkowski, op. cit, and ses Appendix sub voce Urea. 

* It need hardly be pointed out that nn increase in the quantity of 
urle acid in tho urine mast be distinguished from un increase in the 
prominence of uric acid due to the precipitation of its alkaline wltx. 

a 
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The knowledge of the fact that benzoic eae! is thus con- 
verted into hi acid naturally the idea that 
the food of herbivora might contain either benzoic acid or 
some allied body, and’ that the presence of hippuric acid as 
#& normal constituent of urine might be thus accounted for. 
And Meismer and Shepard’ have shown that all the hippuric 
acid of herbivorous urine is in reality due to the presence in 
ordinary fodder (hay) of a particular constituent containing 
5 benzoic residue; when this constituent is withdrawn, the 

Mipearis acid disappears from the urine. They regarded this 

pte as 8 etc form of cellulose; but this does not 


Teal pc does not exist preformed or in a free 
but i¢ makes its bapensenee ine ane 
and of, eatin and may be fi 
reactions bodies; and tho presence in the ne 
ME atveoahoie ucid, which results from the union of conjugation 
glyem and cholalie acid (se¢ p. 321), shows that, in the liver at a 
of glyei ae formed. Kithneand Hallwachs* 
‘ed into the portal vein aufli~ 
issued by the ha as hippuric acid, but when injected 
with any rapidity, passed out inthe 
fic aeel; they also found that benzoic acid 
‘out as benzoic acid when the 
ised. Hence they conciuded that the transfirnma- 
tion of benzoic into hippuric aeid took place in the liver, the former 
acid a in that the glycin necessary for the transformation. 
Meissner und Shepard,‘ however, maintained that the transformation 
of dhekelnoy’ a Ban rie weld took place not so much in the liver ax 
in the Bunge amd Schmiedeberg* have brought forward 
ex] ‘evidence to the same effect. 


Of the meaning of the Appearance in the tissues of such 
bodies as xanthin, etc., and of the exact nature of the meta- 
bolism which they undergo, we know nothing, We cannot 
say whether they arc simply the accidental by-products of 

nitrogenous metabolism, the result of imperfect riieibleal nin 


ai or whether they, though small in quantity, serve 
mt special in the economy. . 





urskure, Hannover, 1966. 
ZA. f. Biol,, xii (1870), » 241. 
* Virchow's Archiv, xii (1857), p $ by 
* Archiv f. Exp, Pathol., ag (ls 233. Cf. also Kochs, Pild- 
ger's Archiv, xx (1879), p. 64. 
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One point of importance to be noticed in these analyses is 
that the skeletal muscles form nearly half the body ; and we 
have already scen (p. 59) that about « quarter of the total 
blood in the body is contained in them. We infer from this 
that a large part of the metabolism of the body is carried on 
in the muscles. Next to the muscles we must place the liver, 
for though fir less in bulk than them, it is subject to a wv 
active metabolism, as shown by the fact that it alone hol 
about » quarter of the whole blood. 


The Starving Body.—Refore attempting to study the influ- 
ence of food, it will be useful to ascertain what changes occur 
in a body when all food is withheld. Voit! found that a cat 
lost in a hunger-period of 13 days 734 grams of solid material, 
of which 248.8 were fat and 118.2 musele, thé remainder being 
derived from the other tiswes, The percentage of dry solid 
matter lost by the more important tissues during the period 
was as follows ; 


Adipose tissue, > Fe SRO) 
‘jem pit ee) ove re 6a 
Li . . . . * ~ 566 
Merk 2 2) > Stan 
BI 5 « . . . » Wo 
Brain and spinalcord,. =. - 00 


‘Thus the loss during starvation fell most heavily on the fat, 
indeed nearly the whole of this disappeared. Next to the fat, 
the glandular organs, the tissues which we have seen to be em- 
inently metabolic, suffered most. Then come the muscles, that 
is to say, the skeletal muscles, for the lost in the heart was 
very trifling; obviously this organ, on account of its im) 
tance in carrying on the work of the economy, was spared as 
much as posible; it was in fict fed on the rest of the body. 
The same remark applies to the brain and spinal cord; in 
order that life might be prolonged as much as possible, these 
important organs were nourikhed by material drawn from less 

le organs and tiswes. The blood suffered proportional 

to the general body-waste, becoming gradually less in bul 
but retaining the same specific gravity ; of the total dry pro- 
teid constituents of the body 17.3 per cent. was lost, whisk. 
closely with the 17.6 per cent. lost by the blood. 
It is worthy of remark that the tissues in general became 
more watery than in health. 


1 Zt. £ Biol, ii (1888), 307. 
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period. This question of a Juxus consumption is one to which 
we shall frequently have to refer, = 


The Normal Diet—What is the proper diet for a given 
animal under given circumstances, can only be determined 
when the laws of nutrition are known. Meanwhile it is 
necessary to gain an approximate idea of what may be con- 
sidered as the normal diet for a body such as that of man 
under ordinary circumstances. This may be settled either by 
taking a very large average, or by determining exactly the 
conditions of a particular case. In the table below is given 
both the srenas result obtained by Moletchott' from Vises 
number of public diets, and the diet on which Ranke? found 
himself in good health, neither losing nor guining weight. 


Moleschott, Ranke (weight 7AAi@05). 


OF these two dicts, which agree in many respects, that of 
Ranke is bly the better one, since in public diets, from 
which Moleschott's table is drawn, the cheaper carbohydrates 
are used to the exclusion of the dearer fits, 


Comparison of Troome and Outcome, 


Method—We have now to inquire how the clements of 
such a diet are distributed in the excreta, in order that, from 
the manner of the distribution, we may infer the nature of the 
intermediate stages which take place within the body. By 
com| the ingesta with the excreta, we shall learn what 
elements have been retained in the body, and what elements 
appear in the excreta which were not present in the food; 
from these we may infer the changes which the body has 
w ne through the influence of the food. 

To first pl the real income must be distinguished 
from the 1} t one by the subtraction of the feces. We 
haye geen that by far the greater part of the feces is undi- 
gested matter, i. ¢., food which, though placed in the alimen- 





1 Die Nabrungemittl,p, 216. 


* Totanus, p. ; Grundziige, p. 168. 





the determined nitrogen of sam) 
a magnitude as to render the 


Of these elements of the income and outcome, the nitrogen, 
and the free oxygen of respiration are by far the 
most important. Since water is of use to the body for merely 


‘are insignifican' 

a wholly different footing from the other parts of food, inas- 
much as they are not sources of energy, and through the 
body with comparatively little change. The bxly-weight 
must, of cotiree, p 


, be carefully ascertained at the beginning 
and at the end of the period, correction being made where 
‘ible for the fieces, 


Tt will be seen that the labor of such inquiries is considera 
ble. The arine, which must be Sealy ept separate from 
the fieces, requires daily measurement and analysis, Any loes 
by the skin, either in the form of sweat, or, in the case of 

yeni of hair, must be estimated or accounted for. 
The of the period must be as far as possible uniform in 
dl , in order that the analyses of specimens may serve 
faithfully for calculations inyolving the whole quantity of 
food taken; and this is especially the case when the diet is a 
‘mest one, since portions of meat differ so much from each 
But the greatest difficulty of all lies in the extimation 
of the carbonic acid produced and the oxygen consumed, In 
‘Ann. Obem. Pharm. Sappl., ti, 1863, 
* Pillger's Archiv, xix (1579), p. 34. 
48 
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material which has been laid on, or simply water which has 
= ae the other? Seba a 
er st nitrogen ¢ Urine passed during the 
period as, say by = than the nitrogen in the food 
taken, of course after deduction of the nit in the frees, 
This means that 2 grams of nitrogen have been retained in 
poe & and we may with reason infer that they have been 
retai in the form of proteid material. We may even 
farther and say that they are retained in the form of flesh, 
ie, of muscle, In this inference we are going somewhat be- 
youd our tether, for the ao might be seared up as hepatic, 
or splenic, or any other form of protoplasm. Tadeed it might be 
for the while retained in the form iipeim stl ae crystalline 
body ; but this last event is unlikely; and if we use the word 


“flesh” to mean protoplasm of any kind, contractile or meta- 
bolic, or of any other kind, we may, without fear of ee 
error, reckon the deficiency of x grams ni n as indicating 
the storing up of a grams of flesh. There still remain w—a 


of increase to be accounted for. Let us suppose that 

@ total carbon of the egesta has been found to be y grams 
Jess than that of Lb nn in other words, that y grams of 
carbon have been up. Some carbon has been stored up 
in the fleeh with the nitrogen just consideretl; this we must 
deduct from y, and we shall then have y’ grams of carbon to 
account for. "Now there are only two principal forms in which 
carbon ean be stored up in the body: as glycogen or ax fit. 
‘The former is even in most favorable cases inconsiderable, and 
we therefore cannot err greatly if we consider the retention of 
i earbon as indicating the laying on of 6 grams fat. 

a+b are found al tow, then ths whole change in the 
economy is known; if w—(a-- 6) leaves a residue ¢, we infer 
that in addition to the laying on of flesh and fat some water 
has been retained in the system. If 2—(a-}-6) gives a nega- 
tive quantity, then water must have been given off at the same 
time that and fat were laid on. In a similar way the 
nature of a loes of weight can be ascertained, whether of flesh, 
or fat, or of water, and to what extent of each. The careful 
comparison, the debtor and creditor account of income and 
outcome, enables us, with the cautions rendered necessary by 
the assumptions just now mentioned, to infer the nature a» 
extent of the bodily changes. ‘The results thus gained ought 
of course, if an account is Kept of the water, to agree with the 
amount of oxygen consumed, and also to tally with the con- 
clusions arrived at concerning the retention or the revers¢ of 
water. 
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h Decsenry to 
bod, , 
sath be ly may gain 


actual examination of the body, to be due to the laying on of 


the id food is split into a urea moiety and 4 fatty moiety, 
anes tainty is at once ching! and had such Hi 
the fat as is not use of directly by the body is stored up 
fs adipose tisme. And this disruption of the proteid food at 
the same time explains why the meat dict s0 qaceely and im- 
mediately increases the urea of the egesta, We have already 
pointed out that possibly this disruptive metabolism of 

teids i largely carried on in the alimentary canal itself by 
the aid of the pancreatic juice; whether or to what extent 

‘organs share in the action we do not at present know. 


one Seca” : 
oo te The beh yy wen pe 


the Iuxas consumption. To these two Voit has been 
ird, or intermediate proteid, viz., store or surplus 
Mite Taek Welnve tenes seiioeeat 
[We bare pgaio os ete 
this work thatthe oxidations of the body take place 

in 


A nae 
said in favor of them is that 


roto] 
lations of the cell un- 
readily imagine that a 


1 Of. Hoppe-Seyler, Paldger's Archiv, vii (1873), p. 999. 
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were stored up for every 100 parts of fit in the food, and of 
the total dry non-nitrogenous fod 21,2 per cent. was retained 
in the body as fat. No clearer proof than this could be 
afforded Uhat fat is formed in the body out of something 
which is not fat, 


Ax one might ine, the lead of fat or carbohydrates 
in the food was found to check proteid metabolism ; nitrogen- 
ous equilibrium was ostablisbed with a much loss expenditare 
es food. For instance, with a dict of 800 grams meat 

150 grams fit, the nitrogen in the egesta became equal to 
that in the ingesta ina dog, in whose case 1800 grams meat 
would have to be given to produce the same result in the ab- 
sence of fats or carbohydrates. 

‘On the other hand, it was found that, with a fixed quantity 
of fatty or carbohydrate food, an increase of the accompany- 
ing proteid led not to a rapes up of the surplus carbon con- 
tained in the extra quantity of proteid, but to an increase in 
the consumption of carbon. Proteid food increases not only 

id, but also non-nitrogenous metabolism. This explains 

yw an excess of proteid food may, by the increase of meta- 

bolism, actually reduce the fat of the body, as ix exemplified 
in the dietetic system known as that of Mr. Banting. 

‘There ean be no donbt, then, that both « proteid dict and a 

diet may give rise to the formation of fat within 

, And the question which we haye already (p. 541) 

jiseussed comes again before us, In what way is this 

#0 formed ? Ts the sugar, arising during digestion from the 
carbohydrate, converted by a series of fermentative changes 
into fat? or is the sugar directly consumed by the tissues in 
oxidative changes, by which means the fatty derivatives of 
the metaboli rotenis are sheltered from oxidation and 
stored up as fat? What light dots the statistical method 
throw on this vexed question? Weiske and Wildt* have at- 
tempted to settle it, ey took two young pigs of the anme 
litter ; one they killed and anulyzed as a standard of compari- 
son ; the other they fed for six months on known food (chiefly 


Y Zt f Biol, ix. 2 Thld., 
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xygen proportion in the expired carbonic acid 
falls to the carnivorous standard. bere sheieites ane 
notably more digestible than the fats, but on the other hand 
the fats contain more potential ina given weight. As 
to the dietetic or rather metabolic difference between starch 
and sugar, we know nothing very definite. Lawes and Gil- 
bert‘ found that cane-sugar was rather more fattening than 


Saat i frp apa date > 
experience in not ids 
asa constituent of food. Animals ee 


intelligible if we suppase that gel 

# urea and a fat moiety, in the same 

certain quantity of proteid material to Tt is this direct 
metabolism of matter which gelatin can take up; it 
seems, however, unable to imitate the other function of proteid 
matter, and to Oo ee in the format ii 

What is the cause of this difference we cannot at present aay, 


The Effects of Salts as Food.—A1l food contains, besides the 
substances which we have just studied, certain saline 

matters, organic and inorganic, having in themselves little or 
no latent bering but yet either absolutely necessary or highly 
beneficial to the body. These must have important functions 
in directing the metubolim of the body: the striking distri 
bution of them in the tiswes, the preponderance of sodium 
and chlorides in blood-serum and of potassium and phosphates 
in the red corpuscles, for instance, must have some meaning ; 
but at present we are in the dark concerning it, The element 
seems no less important from a biological point of 

view than carbon or nitrogen. It is-as absolutely essential for 


4 Brit, Asoc. Reports, 1854. 4 Zt f. Biol., vil, 207. 
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to which the one gram of proteid gives rise in the body—we 

easily calculate the total energy of any dict, Franklind! has 

supp ied the following data, given both in gram-degree C, units 
eat, and meter- units of force, 


direct oxidation of the Gives rise 10, 
wramdeg. met -kils, 
» 9069 3841 
° 1} . RH S077 
ee he | SPER 165T 
le purified with ether, 5103 2161 
thsi te eeeR08 ‘94 
Supposing that all the nitrogen of proteid food goes out ax 
urea, pes of dry proteid, such as dried beef-musele, would 
give rise to about # gram of urea; hence 


Gramdeg, Met kia, 
51082161 


735 a 


‘Available energy of proteid, =... 43681850 
Tn « normal diet, such as Ranke’s, p. 568, would be found: 


Met-kilo, 
100 gramsproteid, . . . 800 185,000 
100 grams fa, Se Ln ann 384,100 
240 grams starch, . . . 5 4 897,680 


Totalincome, . «. « + 960,780 


or in round numbers, one million meter-kilograms. 


The Expenditure, 


There are only two ways in which energy is set free from 
the body,—mechanical Jabor and heat, The body loses energy 
in producing muscular work, as in locomotion, in all kinds of 
labor, in the movements of the air in respiration and speech, 
and, though toa hardly recognizable extent, in the movements 
of the air or contigaous bodies by the pulsations of the vascu- 
Jar system. The body loses energy jn the form of heat by con- 





‘Phil, Mag., xxxti, p. 182. 
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the blood itself 

takes place, that it is the active tisae, 
Leo ice amp seat of oxidation, We have che 
ther seen that proteid sits Darwen ly be in Liebig’s 
sense Leen incidentally give rise to the storing up 
of fat. division of Liebig’s view is thereby overthrown. 
We have now to inquire whether the other division holds good, 
whether muscle or other protoplasm is fed pein on the 
proteid material of food, and whether muscular comes 
Se from the metabolism of the constituents of 
e have already seen (p. 99) that when the mus- 
en itself is examined, we find no Toot of nitrogenous waste, 
but, on the other hand, clear evidence of the production of 
non-nitrogenous bodies, such as carbonic and lactic acid. We 
have now toask the question: Docs muscular exercise increase 
the ures given off by the body as a whale? For this, aceord- 
be Sh to nelle theory, it certainly ought to do. Conflicting 
been offered on this point; but by far the strong- 

pagers eal is that which gives a negative answer. 


to the observations of Lawes and Gi 
Such, Ranke, Voit, and others, the long-continued 
inquiries of Parkes! pecially deserving of attention. 
‘This observer determined beth the total nitrogen of the urine and 
of the faeces, 20 that no possible source of error could lie in this 
direction; and ¢xamined the effect of exercise, slight and severe, 
on both «non -nitrogenous and on % mixed nitrogenous diet. He 
found bg rehon oarked an es in the urea, but often a ee aie. 
kate i ts ly a slight increase 
Lefer eareateee opel * ae do with the ed in 
but, result of the exercise on the 
ae fant ona Saetted 
‘protracted exercise on 
general prot Mutabclam, vole: a Tish dnt than oooredice the 
more exact inquiries of Parkes, 


More than this, the Speen of Fick and Wislicenus* 
Jands us in an absurdity if we suppose the whole energy of 





Bese Roy. Soo, xv (1867), p. 199; xvi, p44; xix, p. 240 x1, 
PS Joura. Asst. Phiye, vol xf (1876); xif (1877), Cf. North. Journ. 


i 1s 
aT Mee li ia (1866), p. 496. 
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doubled’: 50 that the wei ian a na 
meter-ki Srilos of notoal euecgy expensed em the he one hand and 66.690 
See eaten ok seas ayeialie trong proteid metabol- 


‘rary, the juction of carbonic acid is 

largely it muscular exercise is beyond 

doubt, One ihe hard Inbor will increase fivefold the 

antity of carbonic acid given off within the hour. And 

ok and Voit aa at ai 24 hours ieee 

954 grams an ice grams carbonic acid 

when ge works ns agalaat 708 grams oxygen consumed and 

911 grams caxbouid acid produced when remainit a reat, 

Se eee bet fe ae mexeed being in the first case 37 grams, 
in the second 37.2 grams, 


Wen ancag dablehed serk ba en ontcueteiperenell 
Se coe teegcactisiar err der belpi! wren increased, 

decng th meh a ome ith the day. ‘Thus tho 1284.2 grams 
‘of the whole period of 24 hours was furnished by 

eae ae OE Pr htiae aes 
eween 6 PIL GAM Similarly, of the 954.5 grams oxygen 
were taken in between 6 a.m. and 6 P.M., and 659.7 


En BP.m, ri These ares very srikingly ine 
the independence of muscular contraction und emmediate oxi~ 
the day when the ‘is at work, or at least mani- 
feng pretence he one direction or another, while the production of 
much greater, the consumption of oxygen is mach 

leas than during the night when the body is at rest asleep. 


It is evident that the Sonia wo arrived “7 by the statisti- 
cal method entirely corroborate those gained by an examina- 
pose of muzele itself, viz, that during muscular contraction 

explosive decomposition takes place, the non-nitrogenous 
soclleats of which alone eseape from the musele and from the 
Ii, any nisin products which result being retained 
lin the muse} We must therefore reject the second as 
well as the first division of Liebig’s view, that the muscle is 
fed exclusively on proteid material, and that its energy arises 
from proteid metabolism. 


We must, however, guanl ourselves against, rushing into the ex- 
treme opinion that a masele is simply a machine for getting work 
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is being set free. Tn growth and in repair, in the deposition 
of new material, in the transformation of lifeless pabulum 
into living tissue, in the constructive metabolism of the body, 

may be undoubtedly to a certain extent absorbed and 
ren ‘tent; the of the construction may be, in 
part at supplied by the heat present. But all this, and 
more is, viz., the beat present in a potential form in 
the substances so built up into the tissue, is lost to the tissue 
during its destructive metabolism ; so that the whole metabo- 
lism, the whole cycle of changes from the lifeless pabulum 
through the livin, 


action is eminent 


The thermopile may consist either of a single junction in the form 
ef needle, plunged inta the substance of the riancle or of reveral 
junetions ¢ shape of a flat surface carefully oppased to 
the surfuce of masce (Herdenhals®), the pile being balanced 20 as 
to move with the contracting muscle, and thus to keep the contact 
exact, or in the shape of a thin wedge (Fick*), the edge of which 
comprising the actual junctions ix thrust into a mass of muscles 





1 PAloger’s Arobiv, xvi (1877), p. 58. 
Sr paateaanIt Delos. a tallligy eas of water rained ove degree. Chr 


4 Mechanische, Leistung, ete., 1864. * Op. cit. 
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id held in position by them. In all cases the fellow junction ¢ 
junctions must be kept at a constant temperatare. 


The amount of heat given oat by a muscle when throw 
begins by the ication fale mater 
pend on the amount of energy set decompositig 
of the explosive contractile substance, part of this energy 
ing lo produce movement, and part transformed int 
feat We have seen, in treating of muscle itself, that th 
total amount of energy set free by the action of a stimuly 
will depend not only on the Gra of the stimulus, but als 
on a variety of circumstances, notably on the amount of r 
sistance against which the muscle has to contract; mere e9 
tension of the muscular fibre increases the metabolism of th 

muscular substance, and leads to a freer cpeesiinice of 
ou 


(See p. 115.) The ratio of the expended energy going 


heat to that paren, movement appears to yary with ei) 
cumstances, and 3 ing us increases with an increny 
of the resistance. Hence muscles contracting against a grea 
resistance economize, so to speak, the expenditure of their sul 


stance, inasmuch as more and more of the set free | 
devoted to the specific muscular movement i ‘of the mo 
general development of heat, which latter task mi ; 
cheaply undertaken by less specialized tissues. It i= impo 
ble to say at present what are tho exact limits of the ratio 
heat to movement, Fick calculates that in the bloodless m 
cles of the frog the amount of work aay are from one-fou 
to one twenty-fifth of the heat given out, If we may 
to argue from the muscles of a frog to those of the m 
and to take somewhat below the mean of the above twa lin 
say one-tenth, then, upon the calculation that the total 
nal work of the body is about one-fifth of the total ex 
clear that the heat 
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exact data, that the metabolism of the muscles must supply a 
very large proportion of the total heat of the body. They 
are par excellence the thermogenic tissues, 

ext to the muscles in importance come the various secret- 

glands, In these the protoplasm, at the periods of seere- 
tion at all events, ix in a state of metabolic activity, which 
Setivity, as elsewhere, must give rise to heat, In the case of 
the salivary gland of th , Ludwig and Spiess' found that the 
temperature of the saliva secreted during stimulstion of the 
chorda might be as much as 1° or 1.5° higher than that of the 
blood in. the earotid artery at the same time, and in all proba- 
bility the investigation of other secreting glands would lead 
to similar results, Of all these various glands the liver de- 
serves attention on account of its size and large supply 
of blood and because it ay to be continual! work, 
We find, indeed, that the blood in the hepatic 
Warmest in the body, Heidenhain’ ob in the dog a tem- 

Perature of 40.73° C. in the hepatic vein, while that of the 

}2De cava inferior was 38.35° to 39,58°, and that of the right 
hott 37.7%, Bernard previously had found the blood of thi 

th atic vein warmer than that of cither the portal vein or 

pa bg showing that the increased temperature is not due 
boy to the liver being far removed from the surface of the 


ity brain, be regarded as a source of heat, since 
Pick Ne i mpl fom the mer ea 

passer ugh its vessels it cannot in this respect com- 
Nel ne either the liver or the muscles as a source of heat 


poty- 
scold itself cannot be regarded as a source of any con- 
BLE exon of heat, since, ax we have so frequently urged, 
le <n or other metabolic changes taking place in it 
tively slight. The heat evolved by indi 
22> bone, cartilage, and connective tisue, 
eas insignificant; and we cannot even regard the 
ge = «288 a seat of the production of heat sin 
FZ T= is in all probability not oxidized in situ but 
ae Away from its of storag 
. ze . it, and it is * the tissue thi 
Se Zeclism by which ite latent: energy 
<—>f heat refs produced by the changes which 








SES Fea. Sitzungeberichie, Bd. 26 (1857), 


SS BG ger's Archiv, iii (1870), p. 4. 
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the food undergoes in the alimentary canal before it really 
enters the body. 

Hence takings survey of the whole body we ma; Lape 
that since metabolism is going on toa greater or | 
everywhere, heat is but that 
looked at from a quantitative a gy the ers 
the glandular ongans must be regarded as the muin sources of 
the heat of the body, the muscles being in all probability the 
more important of the two. 

But heat, while being thus continually produced, is as con: 
ih i = by the skin, the mr the urine, 


When the porter ef baat ibe isnot 
the a Dees is mo great accumul 
body, the ture of which ewe tA 
raised above f of surrounding 
ture of the frog, for instance, is 
(. above that of the atmosphere, 
son the difference may amount to 1°. they 
comprise all classes except birds and mammals, are spoken a 


and mammals, the locs and 
that the ter peers of the 
numbers, 35° or 40° C., whatever be the tem 
air. The temperature. of man is about 37. 
birds it is as high ns 44° C. (Hirundo), and in the ‘wolf it. is 
said to be as low ax 35.24° C. 

‘This temperature is with slight variations maintained 
throughout life. After death the of heat 
Leeper and by body iloning Mi 

t time immedintely ayatemic death, » 

of temperature may be obse dite to the thee that, 
a coeistaalias od ¢ times is still gol on, Cha tone of 
is somewhat checked by the cessation of 
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of heat, and when occurring after certain diseases, deaf 
rise to a very considerable elevation of teny 
mean bodily temperature of warm-blooded animals is, durin, 
pony maintained, with slight variations, of which we shall 
a speak, within a very narrow margin,a rise or indeed 
2 fall of much more than a degree above or below the limit 
given above being indicative of some failure in the o1 
or of some unusual influence being at work. It is evident, 
therefore, that the mechanisms which co-ordinate the loss with 
the production of heat must be exceedingly sensitive. It is 
obvious, moreover, that these Ey Jmay act when the 
bodily temperature is tending by either cheeking the 
aibveline or by augmenting the ico of heat; and vin the 
bodily temperature ts tending to fall, by cither increasing the 
prion or by diminishing the loss of heat. As the 
lation of temperature by variations in the loss of heat is 
better known than sotletion by variations in production, it 
will be best to consider this first. 


Regulation by Variations in Loss.—IHeat is lost to the bod: 
hy the warming of the feces and of the urine, by the sae 
ing of the expired air, by the evaporation of water of 
respiration, by conduction and radiation from the skin, and 

the evaporation of the water of perspiration. Helmholtz 
has calculated that the relative amounts of the lors by these 
several channels are as follows: In warming the feces and 
urine 2.6 per cent. In warming the expired air 5.2 per cent. 
In cvoution  rul the water of respiration 14.7 per cent. In 
radiation and evaporation by the skin 77.5 


"The | ra chief means of loss, then, which are at all suscep- 
uae of any great amount of variation, and which can be 
used to regulate the temperature of the body, are the skin 
and the 
The more air pases in and out of the lungs in a given 
time the greater will be the loss in warming the expired air, 
and in ab aed the water of respiration. And in such 
animals as the dog, which do not perspire freely by the skin, 
respiration is a most important means of regulating the tem- 
pacer 
While Bernard? G. Liebig,* Heidenhain, and oller observers 


e See Riegel, Piliiger’s Archiv, ¥ (1872), 651. 
2 Teg. de Pl Phys. Exp., 1865. 


die Tomparaturunterschiode dot vonoton wail arteriellen 
Plates, “Giewons I 
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smaller supply for the time. The sense of warmth which is 
felt during exercise in consequence of the flushing of the 
skin, is in itself a token that a regulative cooling is bei 
carried on. In a similar way the application of external cold 
or heat, either partially or completely, defeats ita own ends, 
Under the influence of external cold the cutaneous vessels 
are constricted, and the splanchnic vascular areas dilated, 20 
that the blood is withdrawn from the colder and cooling 
ions to the hotter and heat-producing organs. This vas- 
jar change may be used to orpiais the fact that strippi 
naked in a cold atmosphere of gives rise to an actual 
increase in the mean temperature of the blood, as indicated 
by 5 taco Cera in the eee shoe poe the 
fect may be partly due to an actual increase of the iue- 
tion of heat. see the influence of external ose on 


the other hand, the cutaneous vessels are dilated, a rapid 

i of heat takes place; and if the circumstances be 
such that the body can spire freely, and the perspiration 
be readily evaporated, apn of the body may re- 


main yery near to the noi even in an excessively hot 
at ere. ‘Thus, more than a century ago, Drs. Fordyee 
and len’ were able to remain with impunity ina © 
heated even to 127° (260° Fahr.), and with ease in one so hot 
that it became painful for them to touch the metal buttons of 
their clothi ‘It is unnecessary to give any more examples 

of temperature by variations in the loss of 
heat; they all readily explain themselves. 


Regulation by Variations in Production —lIt is not, how- 
ever, solely by variations in the loss of heat that the constant 
temperature of the warm-blooded animal is maintained. Vari- 
ations in the amount of heat actually gncnse in the body 
constitute an important factor, not only in the maintenance 
of the normal temperature, but also probably in the produc- 
tion of the abnormally high or low temperatures of various 
diseases. Many esitdara Soon have long led physiologists to 
suspect the existence of a nervous mechanism by which affer- 
ent impulses arising in the skin or elsewhere might through 
the central nervous system originate efferent impulses whose 
effect would be to increase or diminish the metabolism of the 
museles or other organs, and thus to increase or diminish the 
amount of heat generated for the time being in the body. 
The existence in fact of a metabolic or thermog nervous 





* Phil. Trams, 1776, pp. 111, 484. 
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; and Knock’ confirms this. Bernard’ also observed, 
‘of the cervical jo 


aos 


hi 


even 
On 


they 24 


between, @, the narrower limits being 36.25° 
37.5°, when the thermometer is placed in the axilla, In the 
mouth the of the thermometer is somewhat (.25° to 
rectum it is still higher (nbout .9° ©.) 
in jouth. The temperature of infants and children 
is slightly higher and much more susceptible of variation than 
that of adults, and after 40 years of the average maxi- 
mum temperature (of health) is somewhat lower than before 
that epoch. A diurnal variation, independent of food or other 
circumstances, has observed,‘ the maximum ranging from 
9 sm. to 6 rt. and the minimum from 11 rat. to 3 Act. 
cause sometimes a slight elevation, sometimes a slight 
¥ Quoted by Bornard loc. cit. The obscrvations of Goltz, Pp. 
250, on the foot of the dog, would seem to show that this nt beast does 
not bold good for the sciatic nerve. 
Op. cit, p. 295. * Breslau. Studion, tv (1868). 
* Bloger,/ Pros. Boy, Soc., avi, p» 287; Mid, xzvi (1877), p. 185. 
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depression, the direction of the influence depending on the 
nature of the food; alcohol seems always to produce a fall. 
Exercise and variations of external temperature, within ordi- 
nary limits, cause very slight change, on account of the compen- 
sating influences which have been discussed above, i 

frem even active exercise docs not amount to 1° C.: when 


a variation of leas than a 


passes certain limits, or 
when during the application of these agents the oe 
mechanisms are interfered with, the temperature of the bod: 
may be lowered or raised until death ensues. When the 
or warmth a : 
baths, it has 
raised by warmth than depressed by 
extreme pel dey pasion of ieee 
ues, more €4j o nervous ; is 
animals when the kal of texiticeata eater ert 
be recovered after the tem) re in the reetum 


in such a way as to cause & rise of temperatu: 
death ensues when an elevation of about 6° or 7° C. above 
Beets] Sh Xeon andl ana eee 


4 igh temperat 
ally ato) ih a but 
‘i |, that death cannot be attributed to the atop- 
of the heart alone. 
mie of the most marked phenomena of starvation ix the fall 
of temperature, which becomes sen le gs daring the last, 
of life. Indeed the low temperature of the body is a 
factor in bringing about death, for life may be much prolonged 
by wrapping a starving animal in some bad conductar 80 asito 
éeanomize the bodily heat? 
‘ Cbt. £ Med. Wiss,, 1871, p. 613. 
* Log. sur Ix Chaleur Animale, 1876. 
¥ Ohoasat, Rech. Exp. sur 'Inauition, Parla, 1843, 
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See. 5. Tan Isr.ursce or rae Nervous Sysrex ox 
Noraerios. 


e medi seaipa rie bad nope jan. one to Fails tp 

@ nervous system havi he power 
metabolic ste pity ae eee 
manifestations. Thus 


oltnarsaer gi iormps aa uy be 
i cannot, at t at all events, 
ii ily explained as a purely yaso-motor effect, and the 
of is, a8 we have seen, under the special guid- 
of the nervous, In treating of the salivary gl 
we met with the striking fisct, that when all the nerves of the 
have been dlivided, and a “paralytic” secretion set up, 
tissue of ‘land may ultimately degenerate. This ro- 
i from wasting of a muscle which follows upon 
severance of its motor nerve, since this may bes perc abal 
explained by the fact that the muscle is no longer func- 
id indeed, if the muscle is rendered functional, if it 
stimulated for instance from time to time with # 
or even alto- 
casein question 
vertheless in the ab- 


are not uncommon ; the most familiar being perhaps the rapid 
occurrence of bedsores, in consequence of injuries to or of 
disease of the spinal cord or brain, And there are many 
pathological phenomens, inflammation itself to begin with, 
which seem inexplicable, except when regarded as the result 





sciatic nerve of the is 
Heable 


vascular supply. less the numerous phe- 
nomena of disease, joined to the facts mentioned above, turn 


FE seting\on Soecratinn apoensy bt exmnig? 
body may be quoted az en ilustration of 


trophic action are the occurrence of certain Nps cr 
eater peracid als malceaaficctne (he poriertr corm 
ittermitient pains; tho rapid snd peculiar degeneration of and 


diseases, 





and referen 
Di 


woh, xi (1876),'p. 488 
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oo the fats, or carbohydrates it contains, must, of 
cca ee its eager 2G ‘One gram of cheese 

te far as potential ‘is concerned, an exceeding! 
ra eet bas the Anat of cheese brings its. nutri- 
brid too, the factor of idio- 


poles no that) the fats or carbohydrates are the 
evidence that iy direct, 
be in iN aklhh the wltimate, source of muscular 
= a thing strength is, how 
Edged he er Of the body otter than 
museles, a normal to develop equally all 
pera te aly ly the best diet for active labor, 
cod srvaealt fir that an excess of proteid food, by rea- 
son of the renewal of tissue caused by ita metabolic activity, 
in such cases, of service. 
the several saline matters, including the extractives 
food, are no less exential elements of a 
, fits, or carbohydrates. Of use, not for the 
pres  siprrm rma but by reason of their regu- 
Taiee theses OP the the thod uf more strictly eo called, they 
are necessary to life; the body in their absence fails to carry 
out its usual metabolism, and disease, if not death, follows. 


num toa certain extent, 
ire a iat meatus ioeet 


"he body, tho piso: 
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THE CENTRAL NERVOUS SYSTEM AND ITS 
INSTRUMENTS. 


CHAPTER L 


[General Arrangement of the Nervous System. 


Tar Desens pytens consists of two secondary divisions: the 
cerebro-spinal the sympathetic or ganglionic. 

‘The cerebro-spinal m embraces a central system, which 
includes the brain and spinal cord, and a peripheral system 
consisting of the cranial and spinal nerves and their ganglia. 
The central system is known as the ¢erebro-spinal axis (Fig. 
152), and it comprises all the organs presiding over the fune- 
tions which are characteristic of animal life, such as volition, 
special sensation, ete. The cranial and spinal nerves serve as 
a means of intercommunication between the central nervous 
system and the peripheries by conducting impulses to and 
from the centres, 

The brain is com of the cerebrum and cerebellum 
and the ganglia forming part of the former; and the medulla 
oblongata and pons Varolii, by which they are connected to 
the spinal cord. The | cord is that portion of the cerebro- 

inal axis which is situated within the spinal canal between 
‘ie fareatin magnum and the second lumbar vertebra. Above, 
it is continuous with the medulla oblongata ; below, it termi- 
nates in an extremity of gray matter, which is termed the filam 
terminale, 

The cranial nerves arise from the under surface of the 
cerebrum and medulla oblongata and make their exit through 
the foramina in the base of the cranial yault, The «pinal 
nerves urise by two roots, anterior and posterior, from the 

{ 608 ) 
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‘ef tht Brain. 4,4, cerebral hemispheres ; 4, right half of cerebellum ; a, medalla eb- 
Songata; above this is a transverse white masa, the pont Varelii: ¢,<’, the spinal cord, 
showing its cervical aad tembar enlargements, and |i» pointed termination ; ¢, the cayda 
eqniina, formed by the elongssed roots of the lumbar and sacral nerves; 1 609, the several 
cranial nerves, atiuing from the base of the brain and the sides of the medulla obloagata. 
Below these, on each side, are the roots or origins of the spinal nerves, cervical, dorsal, 
Tambar, and sacrat In some of these the double rook can be seen, and the «welling oF 
‘eanglion on the posterior root. 4, ., the axillary or brochial plexus, formed by the four 
lower cervical and fist dorsal spinal herves; Z, the lumbar plexus ; 4, the sacral plexus, 
formed by the last humbar verve and fire four sacral nerves; f, shows 2 piece of the 
shveash of the cord cot open, and wich it porsion of the Kigamentim denticulaturm which 
supports the cord. 

‘4, tramaverse section through the cond, 40 show the form of the gray cornua or horns, 
in the midst of the white substance, Jf, shows the same parts, and also the membranes 
of the coed; and the anterior and posterior roots of a pair of spinal nerves springing 
from ita sides. 


The lionie gee iis system consists of a double 
chain of ganglia, which extends from the base of the brain to 
the pelyie cavity. Each chain is situated to the front and 
side of the vertebral column. The ganglia. are intimately 

wit 


connected with the adjacent ganglia ith the cerebro- 

inal axis by means of nervous cords. ‘The nerves given off 
fon the ic system are principally distributed to the 
viscera of the thoracic, abdominal, and pelvic cavities, and 
hence are more intimately connected with the functions of 
organic life, such as are manifested in growth and nutrition. 
The ganglionic system has, therefore, been termed the system 
of organic life, 


The Physiological Anatomy of the Nerve-tiseues. 


‘The neryous system [4 composed of two elementary nervous 
structures: the vesicular ter, coll the fibrows alae The 
tesicular matter is distinguished from the fibrous matter by 
its characteristic reddish-gray color, its vesicular structure, its 
softer consistency, and greater vascularity. It consists of an 

ion of vesicles which are called the ganglionic or 
nerve corpuscles, and is never found in the nerves. These 
corpuscles are each com of a delicate wall, which in- 
closes granular pigmented contents, with an eccentric nucleus, 
and a variable number of nucleoli. 

‘The nerve-cells are found in aggregated masses, imbedded 
in a granular material, and having intermingled and con- 
sake with them some fibrous matter. In this condition they 
form the ganglia and the great centres of gray matter found 
in the brain and spinal cord. The vesicular matter alone is 

6 
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the exterior of the cell, and may be traced to the nucleolus. 
‘The multipolar cells are found in all the ganglia, but are 
most numerous in the gray matter of the cerebro-spinal cen- 
tres. In the anterior cornua of the spinal oie beeen ee: 
sometimes as many as bani re pionaee: 

some of the cells divide and su! baivide so 80 sidly into aeons 
filaments that they form a close radiati te in the inter- 
stitial vesicular matter adjoining the cel vie oe 


a 
2 
¢ 
Fic. t—Suwcmure of a pyriiem ganglionic nervecell. 4, accovting to Beale; F, 
acoording to Armold. 
Fio, 186 —Stellate Nerve-cell, from the Nucleus Cervicis Coran (posterior vesicular 


cobsmn) of a Fortws of ex months x 420.—Afer Beatz, 


The fibrous matter compose the nerve-fibres forming 
the cranial and spinal nerves and the white strands of nervous 
matter which are found in the cerebro-spinal axis, The nerves 
= composed of bundles of fibres, which are called fumiculi, 
and are inclosed in a fibrous sheath, the perineurium; tho 
funiculi being separated from each other by an_ investing 
fibrous membrane formed by reflections inwards of the peri 
neurium. Each funiculus is ae of a number of bundles 
of fibres or tubules, which, according to Ranvier, are inclosed 
Ba 1 layer of flat epitheliom coll (ig. 156); this is, however, 

by some observers who deem the cells a lining of 
Fest spaces, If these tubules are separated and indi- 
vidually examined during life they will appear to consist of a 
simple homogenous transparent investment, which incloses a 
soft it structureless substance, Each tubule has a 
well-accentuated dark outline (Fig, 158, A). But after re- 
moval from the body, the lowered temperature or other iw- 
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fluences cause the contents of the tubule to 


these changes are farther advanced, or ressure has beer 
made, they usume a varicose appearance (Pig. 158, C), which 
is caused vr ater of the white agence tee 
segments or drops, and its collection in certain spots, 

causing the tubule to swell. Further ebanges are shecwarts 


Pro. Ut. 


ic. 155, —Penicule of » Mouse after impregnation wich Nitrate of Silver. Large 
flac epiidelinal cells are seen Covering ite surtece. The explawasion of the small crosses 
is seen by reference to the sexs figure. After Rawvres 


Pat.. 157. —Nerve fitre from the Sciatic Nerve of the Rabbe after the scien of Nitrate 
of Sibver, 4, ring hemed by thickened membrane of Schwan; we, white substance of 
‘Schwate rendered traseparent by glycerin: Cy, axivcylinder, whith fast above ised 
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distinction to other fibres which possess no medullary substance, 
and hence are called the non-medullated fibres, 


Fic. 158, 


Primitive Neeve-tubules. a, n perfectly fresh tubule with a single dark outline. =, % 
tubule or Abee with double coatour kom commencing postancetem change. c, the 
changes further advanced, producing a varicose or beaded appearance. v,a tubule of 
Givre, the ceateal pant of which, in consequence of still farther changes, has accumulated 
to separate portions of the abeathn{After W'Acrun.) 


At intervals the course of the tubule, annular con- 
strictions are seen 157). These appear to be due to 
a thickening of the neurilemma at the con- 
stricted point. The axis-eylinder passes through 
these constricted portions uninterruptedly, and 
at this position is marked by a number of trans- 
verse lines called the stris of Frommann. Be- 
tween each of these constricted points a nucleus 
is found, which lies between the white substance 
of Schwann and the neurilemma, The axis 
oylinder in the ganglion cells, and in the ultimate eS 
termination of the olfactory and optic nerves _,DMaum 
and some of the sympathetic, have been ob- — Nerve-fbre. 
served to be composed of a numberof extremely 1, neurllem- 
attenuated varicose oot cate are termed the — ma; 2, shite 
primitive nerve-fibrils (Fig, 1 ). whence of 

The non-medullated fibres (gelatinous fibres Swans: 8 
of Remak) differ from the medullated, by the “9! 
absence of the annular constrictions and of the doub\e con- 


Fro. 189, 
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efferent or motor fibres; those conveying im 
‘or sensory fibres, 
and general modes. As 
jes they terminate in the tactile corpuscles (Fig. 
ian corpuscles (Fig. 135); the terminal bul 
133); and in other terminal organs con- 
‘special sensation, which will be hereafter noticed. 


The general mode of termination is by the formation of ex~ 
tremely delicate uses, the filaments of which cannot be 
traced to any ite terminal point. The nerve-fibres are 
devoid of the white substance of Schwann at their ultimate 
terminations.] 


SENSORY NERVES, 


Tn studying the phenomena of motor nerves we are tl 
i ed tacks: First, that the muscular coateaction Be 


ly ry. only from 
those which result when the nerve is set in action by natural 
stimuli, such as the will, When we come, on the hand, 
to investigate the phenomena of afferent nerves, our labors 
are for the time rendered heavier, but in the end more fruit- 
hy the facts: First, that we can only judge of what is 

on in an afferent nerve by the et it produces in 
nervous organ, in the way of exciting or modi- 

reflex action, or modifying automatic action, or affeet- 

3; and we are juently met on the very 


organ of an afferent nerve are very different from those of 
applying the same stimulus directly to the nerve-trank. ‘Tis 
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was first made known by Charles Bell and Magendie, their 
discoveries forming the foundation of modern nervous physi- 

, 8 simply as follows: 

‘hen the anterior root is divided, the muscles supplied by 
the nerve cease to be thrown into contractions, either by the 
will or by reflex action, while the structures to which the 
nerve is distributed retain their sensibility. During the sec- 
tion of the root, or when the proximal stump, that connected 
with the spinal cord, is stimulated, no sensory effects are pro- 
duced. hen the distal stump is stimulated, the museles sup- 
plied by the nerve are thrown into contractions. When the 
posterior root is divided, the muscles supplied by the nerve 
‘continue to be thrown into action by an exercise of the will, 
or as part of a reflex action, but the structures to which the 
nerve is distributed lose the sensibility which they previously 

During the section of the root, and when the prox- 
imal stamp is stimulated, sensory effects are produced. hen 
the distal stump is stimulated, no movements are called forth. 
‘These facts demonstrate that senso: impale pass exclusively 
by the posterior root from the peripheral to the central ongans, 
and that motor impulses pass exclusively by the anterior root 
from the central to the peripheral organs. 


An lion must be made to the aboye geueral statement, on 
account of the so-called recurrent sensibility which ix witnessed in 
ns under favorable cireumstanees. It often happens 
that, when the perypheral stump of the divided anterior root is stimu- 
signs of pain are witnessed. These are not caused ¢ 
coneurreat muscular contractions or cramp whieh the stim 0, 
fem nays rae if the whole trunk of the nerve be divided, 
some little way below the union of the roots, above the origins of the 
nae} 80 that pee. contapctions Bhs place. ey eS 
pear posterior toot be alyo cut, and they are not seen if # 
inixed nervo-trink be divided close to the union of the roots. The 


in divi 


Concerning the ganglion on the posterior root, we may sa 
definitely that it is neither a ere of reflex nor of iss 
matic action. Our knowledge concerning its function is al- 
most limited to the fixet that it is in some way intimately con- 

with the nutrition of the nerve. When a mixed 
02 
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a 
along an ordinary nerve-trank. # = 


the cranial nerves the motor and sensory tracts are fir 
Jess mixed than in the spinal nerves. The olfacto: 


; optic; 
acoustic nerves are purely sensory nerves, ith, 


j, and vagus are mixed nerves; and Steinert 

in the dog the afferent and efferent fibres are 

into two bundles so distinct that they may be sepa- 

the knife, the afferent bundle lying to the outside 
efferent bundle. 

‘The facial and hypoglossal are for the most part motor 


res. ‘The 


i¢ root 
efferent vagu 
of the spinal accessory which joi 


} Miller's Archiv, 1862, p, 292, 

1 Mechanik der Nerven (1878), 2e Abth., p, 45. 

4 Arch. £ Anat. und Phys, 1877, Phys. Abth., p. 667. 
* Thid., 1878, 1bid., p. 218 
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wired for the sensory impulse to along a piece of sen+ 
pit nerve as Took x the ditieronis ef ath Rewess the 
above two nerves; from which the velocity can be calculated. 
Observations carried on in this way led to most discordant 
results, ee from 26 metres to M meters, or even more, per 
second. ¢ difference here is far too great to allow 
value to be attached to an average, When it is remem! 
how complex are all the central nervous operations in these 
instances, as compared with the changes going on in a muscle 
during the latent period of its contraction, and how these 
operations might vary, according asx one or other spot 
of skin was stimulated, quite independently of the length of 
nerve between the centre and the spot stimulated, these dis 
cies will not be wondered at; and it may fairly be 
concluded that the velocity of a sensory impulse does not 
materially differ from that of » motor impulse. 
‘There are, however, certain phenomena which eh at 
first sight be inte as indicating that afferent effer- 
ent nerve-fibres ve differently towards stimuli. We have 


already (p, 120) stated that, according to most observers, 
when an ordi motor nerve, such as a nerve supplying a 
muscle, is hi |, no indications of the generation of nervous 
impulses, no contractions of the muscle, for instance are ob- 
served. The heat does not uct as a stimulus; it may increase 
the irritability of the nerve for the time being, but apparently 


cannot ate the explosive discharge which we call an 
impulse. We have also scen that during the pasage of a 
constant current along the nerve of a muscle-nerve prepara- 
tion no contractions are visible, no impulses, save in certain 
sake cases, are generated, so long as the current is not sud- 
ly varied in strength. But Griitzner' finds that when afferent 
nervefibres, such a8 those in the central stump of the divided 
seiatic, or in the central stump of the vagus, are heated to 
45° or 50%, events occur, clearly proving that impulses are 
generated in the afferent fibres by the elevation of tempera. 
ture. In the case of the sciatic the animal shows signs of 
pain, the blood-pressure ix affected, ete, ; and in the case of the 
the heart is slowed by reflex inhibitory impulses pase 

ing down the other, intact, vagus, though heating the periph 
instead of the central stump of the divided vagus, has 

no effeet whatever on the heart, Similarly, when the same 
nerves or other nerves containing afferent fibres are submitted 
to the action of the constant current, there are like evidences 


+ Pilager’s Archiv, xvii (1878), p. 215. 
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Complete union took place, and it was 
Pe that, so “some weeks, the portion of nerve ‘between ie 
ngue and the point of union, & «, the part which had pee 
beth the peripheral hypoglossal, was in a soand and healthy bm 
tion, Stimulation of the lingual nerve above the point of union 

pominest contraction’ in the tongue of a side, whether the 

were electrical or mechanical; and the contractions were 

a Dee when the lingual, in order! to ae nas swles action, 

yes divided up peeriant to a she see aan 
fingual was he means causing ane a 

must be temtared! weer, tas Cray is not 9 case of the union 


cekty nay 
lent is moreover ned by “tho fact observed by Vutpian* him- 
mi that when the hypoglossal ix simply removed, or a large piece 
of the nerve out oat, #0 that wat the peripheral portions degenerate, 


ieee: ‘of the lingual nerve of the same side ‘callses movements 


though ‘le a hypoglossal is or eae of 


‘The motor 


yelogsal, spon 
glossal muscular fibres, contractions which are at first at 
wat at a later period increased, by stimulation of the (chorda 
the) lingwal, fod that to ‘such an extent as to move the 
down; this eurious fact helps to explain why the 
the hyraglowal sooms necessary to develoy 7 the motor 
ng the Tina Vulpes ‘and Phuiperux also 
experiments on the union of the vagus and hypoglosal, bat 
reanits were even less satisfactory than those with the lingual 
and Vulpian limon? admits that the fanctional 

motor and sensory bres is as yet unproved. 


Hl 


bay 


md have already seen (p. 151) that a sensory nerve in ite 
mplest form may be regarded as a strand of eminently irri- 
romp last forming a link between a superficial cell 
which La is subject to extrinsic stimuli, and « central 
reflex or automatic) cell which receives stimuli, chiefly in 
the form of nervous impulses proceeding from the former 
along the eunnecting strand. In the earliest stages of the 
4 Ct. RAL, & 76, p. 146 (1873) 
RB. Accad. dei Lincei (3), i (1877). 
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preparing those impulses as to adapt them in the best possible 
way for the work hich they Hare to do. Hence sal perG 
ill be united by means of its nerve wi 


ing in the peripheral senze-organ, others first appear 
Soitha conte! enter organ fa the course of the changes throu; 
i ve rise to a sensation. ‘Thus a stimulus 


i @ prises goes against the view that an isolated 
piece of optic nerve differs in function from a similarly isolated 


picee of acoustic nerve; such facts as are within our knowl- 
edge go to show that the disturbances generated in a piece of 
optic nerve by a galvanic current are the same as those 

rated in a piece of acoustic nerve. We are, therefore, 
riven to the conclusion that the difference in this case arises 


in the central 
all 2 differentiated sensory mechanisms, or 5} 


ial 

\e Say we have then tof wath emo 

-) sense-organ, in which we have to 

ee price! agent gives rise to special 

; and the central cense-organs, in which our 

confined to the manner in which these special im- 

i operations of the central nervous system. 

as ina normal body the peripheral organ remains 

in connection with the central organ, and our study of the 

special senses is carried on chiefly by subjective observations 

in which we make use of our own consciousness, it frequently 

very difficult to distinguish in any given sensation 

form of the central element. The two become 

more distinct the more complex the sense and the more highly 

organized the sense-organs. For this reason it will be most 

convenient to commence our study of the special senses with 
the sense of vision. 
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the cormen, The cornea consists of three layers: an anterior 
and ior elastic lamina, having between them a layer 
which ix the pr tissue of the organ. This middle layer 
is composed. of about sixty superimposed lamins of fusiform 
fibrous cells. In the interstices between the lamin are found 
tubular hi parent fluid. The an- 
terior elasti 

elastic, corneal tissue they 
have a great fact suggests that 


Vertical Secsica of the Cornea. 


4, proper tissue of the cornea; 2, anterior clastic lamina ef comen, with D, the coa- 

‘epithelien on it; C, oblique fibres from It to the Ixyers of the cornea ; E, pot 

‘terior elastic lamnins, with 7, cpltheliem on It of the mombrans of Demouns; G, surface 
view of the epithelium of the membrane of Demours. 


these two lamin are active See in the retention of a proper 
a 


curvature of the cornea, cornea is covered on its an- 
terior surface by the penne as mucous membrane, which 
consists of three or four layers of pavement epithelium cells ; 
the deeper layers of cells are oblong, and placed perpendien- 
larly, (Fig. 162.) The conjunctiva at this point has no per- 
ceptible basement membrane. The posterior surface of the 
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radiating or meridional, and a circular layer, The radiating 
fasciculi are situated externally, and have # meridional direc- 


Fra, 163. 


Tuner View of the Frost of the Choroia Cast with its Ciliary Processes, and the Back 
of the Irs. , anterior plece of the cherold coat; 4, Gllary processes; ¢, iris; , 
sphincter of the pupil ¢, bundles of fibres of thee ditator of the pupal, 


tion. (Fig. 164.) From this layer namerous fasciculi inter- 
lace between the fasciculi of the circular layer, which oceu- 


pies an internal position to the radiating layer. The ciliary 


Fro. 164. 


‘Section of the Citlary Region of tht Eye in Man 4, meridional muscular fasciculi of 
the mascuhes cillatis; 4, deeper-seated radiating faseiculi ; c, ¢, ¢, annular plexus 
‘annular muncde 4f MuDer ; /, ciménlar lenina co the posterice vurface of the tris; 
colar plerus at the cillary beeder of the iris : ¢, samular tendoo of the muscules 
Ay ligamentum pectisarum. 


muscle is inserted into the external surfice of the anterior 
portion of the choroid coat, the fibres extending somewhat 


" 
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consists Of a single layer of hexagonal nucleated pigment- 
cells (Fig. 166) of a dark-brown color. From the internal 
surface of this membrane delicate fibres are continued be- 
tween the cellular elements of the nervous layer. It is fre- 
quently dissected with the choroid coat, and spoken of a3 one 
of its laminw, The color of the iris in different individuals 
is dependent upon the density of the fibro-connective tissue 
anterior to the wea, and to the amount of pigment- ules 
in it. In persons with dark eyes the pigment in this tissue 
is relatively more abundant. 

The ivfernal or nervous layer of the retina is composed 
essentially of the terminal nerye elements of the optic nerve. 


Pigmemcette of the Eyeball (Kanaan), 4, ramified pigmest-cell of the choroid 
oat ; n, front view of the hexagonal cells of the pigmentary membrane. 


Externally, it is covered with the pigmentary In: 
nally it is lined by a homogencous transparent structure 
called the Ayaloid membrane. ‘The structure of the retina ix 
one of great complexity. It consists of nine distinct Inyers, 
seven of which are Jayers of nerve elements, All of theae 
layers are bound together and supported by a» connective 
tissue which contains bloodvesels. This layer extends from 
the entrance of the optic nerve to a point where the annular 
fasciculi of the ciliary muscle are found; at this point the 
nervous elements cease to exist, and the layer has an irregular 
dentated margin called the ora serrata. Beyond this, the 
nervous layer is continued as.a mere fibrous extenuation. 
‘The optic nerye pierces the sclerotic and the choroid coats, 
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ternal surface, between it and the hyaloid membrane, is a 
delicate structure called the first layer, or membrana fimitane 
interna, The third oF ganglion layer is composed of multipolar 
ganglion cells, similar to those found in the cerebral sub- 
stance, In the posterior portion of the retina these ganglion 
cells are in several layers; at the maou/a lutea there are as 
many as eight, and at the anterior portion of the retina there 
is but a single layer. From cach of these cells fibres are 
continued to the fifth or infernal granule-lnyer, which consists 
of granular cells with nuclei. Tottans the third and fifth 
layers ix a layer of vesicular matter containing nerve-fibrils 
of extreme minuteness, Thi¥ layer is the fourth or internal 
granulated or molecular layer, The sixth or external granulated 
or molecular layer consists of parallel interlaced lores, cons 


taining nuclei and smooth cells The seventh or external gran 
wle layer is very similar to the Ath, The eighth layer consists 
of a delicate membrane of connective tissue, called the mem- 


brana limitans externa, The ninth or bacillary layer, or layer 
of rods and cones, or Jacob's membrane, ix le plico of two 
elements, the rods and cones. The rods are cylindrical bodies, 
each ending externally in truncated, flattened extremity, 
and internally as an attenuated fibre, which probably com- 
munieates with the deeper layer of ganglion cells. The cones, 
as their names indicate, are conicalshaped bodies. Exch 
consists of two portions, a conical body having projecting 
from its apex a rodlike segment, which appears in all respects 
like the rods. This segment is called ‘te abe rod, Ths 
tevminal extremity of the cone rods do not extend as fir ex- 
ternally ns the extremities of the rods. The rods and cones 
have been demonstrated to consist of two segments or limbs, 
which are composed of filaments, granular matter, and nuclei. 
‘The optic nerve, where it pierces the coats of the eye, pro- 
jects somewhat beyond the surface of the retina, as a payalla; 
ere the essential nerve-clements of the retina are absent, and 
luminous rays are unperceived ; hence it is called the blind 
spot (see p. 653). About 2.6 mm. external to the point of 
entrance of the optic nerve, and in the exact centre of the 
retinal surface corresponding to the antero-posterior axis of 
the eye, is the “yellow spot of Sémmerring” or macula futoa, 
(Dig. 170.) It f an clliptical-shaped spot, having ite long 
diameter transverse, In the centre of the macula lutea is a 
depression called the fovea eentralis. At this point the nervous 
layer of the retina ix very much modified in composition of 
the different layers. At the macula lutea the nervous layer 
ia much thicker than at any other part of the membrane. 
63 
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are composed of saperimpoted lamine of var density. 
The most. superficial are soft and gelatinous; the per are 
relatively hard, so that they forma kernel or nucleus, The 
lamine are made up of parallel fibres, with an undulating 
course, the convexities nit concavities of the adjoining fibres 
ing accurately into each other. The lens is covered with a 
consisting of a transparent, elastic, fragile membrane, 


Fra. 172, 


of the lens is formed by a continua- 


angpensory ligament 
tion of the hyaloid membrane which lines the vitreous body. 
The Ayaloid membrane is a delicate transparent structure 
situated between the vitreous body and membrana limitans 


interna of the retina, It is continued in front to the ora 
serrata, where it divides sae te ers, The posterior is 


posterior portion io capsule of the lens; 

portion nally becomes thicker as it extends 

behind the ciliary processes, and is attached to the 

anterior surface of the capsule. This thickened portion of 

the membrane, which is corrugated where it has attached the 

ciliary processes, is called the zone of Zinn, These two layers 

constitute the epee -lieesienk. Between them is a tri- 

angular canal, with itt base corresponding to the crystalline 
lens. This is called the canal of Petit. 

‘The vitreous body is contained within the cavity formed by 
the hyaloid membrane and the erior surface of the lens, 
Tt consists of a clear colorless albuminous fluid, having an 
extremely delicate interlacement of fibres extending in all 
directions through it, These fibres are not discernible in the 
adult, but can readily be seen in the foetus, 
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point, and the needle will appear as one needle. When the 
eye is accommodated for a distance beyond a, the retina may 
be considered to lie’ no longer at nn, tat nearer the lens, at 
mm, for example; the rays a e will cut this plane at p, end 
the rays af at q; hence the luminous point will no longer ap- 
pear single, but will be seen as two points, or rather as two 


Fic. 173. 
Pefa 








Diagram of Scheiner’s Experiment. 


systems of diffusion circles, and the single needle will appear 
as two blurred needles. The rays passing through tho right- 





1 Of course, in the actual eyo, as we shall see, accommodation is 
effected by a change in the lens, and not by an alteration in the posi- 
tion of the retina; but, for convenience’ sake, we may hero suppose 
the retina to be moved. 

ot 


ACCOMMODATIO 


light coming from even an infinite distance are, in the 
state of the eye, brought to a foeus beyond the retina ‘ie 
175). ‘The near limit of accommodation is at some distance 
off, and # far limit of accommodation does not exist, The 
presbyopie eye, or the long-sight of old people, resembles the 


[Peo. 174, 


Myopic Bye.) 


hypermetropie eye in the distance of the near point of accom- 
modation, but differs from it, inasmuch as the former is an 
esentinlly defective condition of the accommodation mechan- 
[Prc. 175. 
c 








Hypermetropie Eye} 


iam, whoreas in the Intter the power of accommodation may 
be good, and yet, from the internal arrangements of the eye, 
be unable to bring the image of « near object on to the 


[Fic. 178, 





Enmetropie Bye. Parallel rays focussed ou the retina 


retina. When a normal eye becomes presbyopic, the far 
limit may remain the came ; but since the ee of accommo- 


dating for near objects is weakened or lost, the change is 
distinetly « reduction of the range of distinct vision. In the 
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the curvature of the cornea, and pressure on the bulb would 
act injuriously by rendering the retina anemic, and so leas 
sensitive. In'fact there are only two changes of importance 
which can be ascertained to take place father eye tarbeg ee 
commodation for near objects. 

One is that the pupil contracts. When we look at near 
objects, the pupil small; when we turn to distant 

jects, it dilates. This, however, cannot have more than an 
indirect influence on the formation of the image; the chief 
use of the contraction of the pupil in aecommodation for near 

ces is to cut off the more divergent circumferential rays 

ight. 

The other and really efficient change is that" the anterior 
surfice of the Iens becomes more convex. (Fig. 177.) Ifa 
light be held before the eye, three reflected images may be 


(Fro, 17. 


Emmetropic Eye, ‘The dotted lites showing how accommodation for the diverging rays 
of near objects la effected.) 


der: one a very bright one caused by the 
Af Ae hg the cornea, Y second less Hiei be the 


anterior surface of the lens, and a third very dim, by the pos- 
terior surface of the lens, When the eye is accommodated 
for near objects, no change is observed in cither the first or 
the third of these images; but the second, that from the an- 
terior surface of the lens, ix seen to become distinctly smaller, 
showing that the surface hus become more convex, When, 
on the contrary, vision is directed from near to far objects, 
the image from the anterior surface of the lens grows larger, 
indicating thut the convexity of the surface hax diminished, 
while no change takes place in the curvature cither of the 
cornea or of the posterior surface of the lens, And accurate 
measurements of the size of the image from the anterior sur- 
fice of the Tens have shown that the variations in curvature 
which do take place, aré sufficient to account for the power 
of accommodation which the ¢ye poruwssts, 


‘The observation of these reflected inages is facilitated by the sim- 
instrament introduced by Helmholtz and called a Phakoseope. 
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accounmodation (brought about by stimalation of the ciliary ean- 
li ead eecilted Uercuatven tice Vw core served asa eel 


Siteset entices ova sos 


fully confirms their results, and especial 
i forward by the ciliary muscles plese 
fibres present in the choroid itself, 


Accommodation is a voluntary act; since, however, the 
chi in the lens is always accompanied by movements in 
the iris, it will be convenient to consider the latter before we 
discuss the nervous mechanism of the whole act. 


Movements of the Pupil—Though by making the efforts 
required for accommodation we can at pleasure contract or 
dilate the pupil, it is not in our power to bring the will to act 
directly on the iris by itself. This fact alone indicates that the 
nervous mechanism of the pupil is of a peculiar character, 
and such indeed we find it to be. The pupil is contracted (1) 
when the retina (or optic foci log stimulated, as when light 
falls on the retina, the brighter the light the greater being the 
prs) traction; (2) when 
when 


and in ae 


sensory nerves, as an effect of emotions, in the later stages 
i by chloroform, etc. and in all stages of poison- 
by atropin and some other drugs, Contraction of the 
46 caused by contraction of the circular fibres or sphine- 
of the iris. Dilstion is caused by contraction of the radial 
of the iris, 
1 OUL f. Med. Wiss., 1878, p. 769 





SIGHT. 


‘The existence of rain) bet bas bape sdeatie by 
but the preponderance of evidence is clearly in fa 
really present. 


thea marta 


il. Afte 1 of thi of the bi spoken. of 
pil. x removal of agin © brain en. 
ey stimulation of the retina is similarly ineffectual, But 
if.the same region of the brain and its connections with the 
optic nerve third nerve be left intact, contraction of the 
pupil will occur as a result of flight falling on the retina, 
though all other neryous parts be removed. 


perrous praia felt the retina 


‘The nervous centre is not a double centre with two ¢om- 
pletely independent halves, one for each eye; there is a cer- 
tain amount of functional communion between the two sides, 
#0 that when one retina is stimulated both pupils contract. It 
might be imagined that this as centre acted as a tonic 

* centre, Whose action was imply increased not origi aed ey 
the stimulation of the retina; but this is disproved 
that, if the optic nerve be divided, subeequent section ee ved 
third nerve produces no further dilation. 

In considering the movements of aa! pupil, however, we 
have to deal not only with contraction, b ut with active dila- 
tion; and this renders the whole matter mah more complex 


1 Brown-Siquard, Compt. Bend., xxv (1847), pp. 482, 608; Proc, 
Roy, Soo., vill (1858), p. 
?iotmann and Schwalbe's Bericht, v (1876), p. 108. 








If the cervical sympathetic 
portions of the nervous mechanism being 
sr! es place, and 


portion still con- 


effect on the iris, the 
bloodvessels; when it is stimulated the pupils are dilated 
while the bloodvessels are constricted. This dilating influence 


of the etc may, a8 in the case of the vaso-motor 

¢ same nerve, be traced back down the neck, 
along the rami communicantes and roots of the last cervical 
and first dorsal or two first dorsal seal nerves, to a region 


in the lower cervical and upper dorsal cord (called by Budge" 
the eenfrum cilio-spinale inferiua), and from thence up through 
the medulla oblongata to a centre, which, according to Hensen 
and Volckers,’ lies in the floor of the front part of the aque- 
duct of Sylvius. 3 


Considering how vascular the iris ix, it does not seem _unreason- 
able to interpret.some of the variations in the condition of the pupil 
as the results of simple vaseular turgescence or depletion brought 
penal eorempoating tthe sted and Ebgd andthe are or discal 

to the dilated and filled, and the large ar dil 
eeralta the cormbreried and emptied condition of the: Dood emela® 
Fitts sch cocillations of the pupil may be obeerved synchronous 
with the heart-beat and others synchronous with the respiratory 
movements, But the variations in the pupil seem too marked to be 
marily, the effects of vascular changes, and indeod that: constriction 
of the pupil cannot be wholly the result of turgesoence, nor dilution 
wholly the result of depletion of the vessels of the ints, is shown by 

» the thet that both these events may be witnewed in a perfectly 





3 Vober die Bewegung der Iris, 1855, 
* Archiv f. Ophthalmol,, xxiv (1878). 
+ Of Moseo, Sui movimenti Sdraalicl dell’ fride. Turin, x6. 
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choroid, where, indeed, eangiiamns nerve-cells are abundant. But 
if we admit the existence of such a local mechanism, itis at least 
probable that both the pathetic und the third nerve act not 
on either the ptineter or canst pupilles, but indirectly 
means of the local nervous 
The oe a nerve in the ony “af th iris ae 
in part a sensory one; the iris is sensitive, and the sensory iny 
wife ae pout he Rha crak keegan Area 4 


‘i the ophthalmic ganglion does receive fibres directly from 

the sympathetic, the oiaties, action of the 

thetic would seem to be carried out not by these fibres, bat 
Joining | the Speen branch of the fifth nerve higher ap 

g its ae atone, Sed the iris apparently by the long ‘ality 
Diceatting te Geist” pra tices tires sls spss etey 

arigtia the — branch, rather than actoally to become 
if the nerve, are destroyed, stimulation of the sympathetic in 

timers no dilation of the Fier whatever. Section of the 

and stimulation of the 


aa regards frogs; he found the rere fibres of an cervical 
a hetic passed throag! h the Gasserian ganglion, and were there 
by fibres taking origin in the ganglion itself. Honsen 

oe vee also found in the dog dilating fibres in the fifth nerve, 
and Valpiac? has observed reflex dilation of the pupil alter section 
of beth cervical and ee etic, and removal of both the 
upper and lower cervical ganglia. Those dilating fibres of the fifth 
nerve baye, however, been thought by some to be vaso-motorial in 
lacing changes in the pupil in an indirect way by affect- 


ing its I-suy 
Pas apie e eobsa Jory x0 a to fet the pul of aoe exe 
only, the large amount of light entering throagh the dilated pupil 
me use & contraction of the pupil of the other eye. 
© pay y al 7 
i movements of the pupil may be brought about through re 


flex action by sensory impulses othe er than thase sriaiog ib the Ro 


‘or optic nerve. Rey finds that in rabbits, after section 
the optic nerve, dilation of the pupil follows upon the hearing of 
a noise, and indecd upon any cathe icntly acute sensation. 


We have already stated that when we accommodate for 


1 Henle and Molsnor’s Bericht, 1862, 
{See Guttman, Coutralhlate f. Med. {ie 1864, p. 80, 
Op. 


Op. cit. 
tor Red., 86 (1878), p. 1486. 





sient. 


near objects the pupil is contracted; the one movement is 
“ associated” with the other; that is to say, the speci: 
tral nervous mechanism employed in carrying out the one act 
is so connected by nervous ties of some kind or other with 
that employed in carrying out the other, that when we set the 
one mechanism in action we unintentionally set the other in 
action also. A similar associated contraction of the pupal 
occurs when the eye is directed inward. Conversely, 
drugs which have a special action on the pupil, such a8 atro- 
in and calabar bean, also affect the mechanism of accommo- 
tion. Asropin paral yee it sola Oe 
aioe tae ohjeots andl igmit 
dition of forced accommodati 


effect may be explained, on the view stated abo 
facie ealabac baa the cili a 
i i same way that it 


ing ti 
state of tetanic contraction 
sphincter pupille. 


According to Hensen and Vilckers* 
modation lies in dogs in the hind 


~ 


centre for the contraction of the pupil 
fion of ths two centres in ther oitinaiy 
and Vilckers find that accommodation 

carefully stimulating the accommodation | 


riod ares forward cansed by the i 

& passive " © 

the lens. The same observers state that dilati 

when the floor af the aqueduct of Sylvins is sti X 
median line, bat more to the side; and that the muscles of the eye- 
Hall supplied by the thind nerve have their nervous 

also in the floor of the aqueduct of Sylvius, but r 
eontraction of the pupil 


We can accommodate at will; but few 
the necessary change in the eye unless they 
tion to some near or far Object, ax the case 
assist their will by visual sensations, By py 


dilate or contract at pleasure, accommodati 
without the eye being turned to any particular object, 


' Archiv £. Ophthalmol,, xxiv (1878), 








DIOPTRIC IMPERFECTIONS, 


Tinperfections in the Dioptric Apparatus, 


‘The emmetropic eye may be taken as the normal eye. The 
myopic and nak soba eyes may be considered as imper- 
foct eyes, though the former possesses certain advantages over 
the normal eye, An eye might be myopic from too great a 
convexity of the cornea, or of the anterior surface of the lens, 
or from permanent spasm of the accommodation-mechanism, 
or from too ta length of the long axis of the eyeball. 
According to Donders the last is the usual cause. Similarly, 
most hypermetropic hed possess too short a bulb. The pres- 
byopic eye fs, as we have seen, an eye normally constituted 
in which the power of accommodation has been lost or is 
failing. 

According to Twanoff' and y. Arlt’ in the strongly marked myopic 


eye there ix hypertrophy of the longitndinal (meridional) fibres of 
tha aikery- aids ail strpphy cr abenece of the sirealar Sbreet im 


the ligpereetinpto tye, on be other hand, tho ctrealar bcos ‘hg 
veel deteloeetl| end ie sacesicnal flbcen sounty, 


Spherical Aberration —In a spherical lens the rays which 
impinge on the circumference are brought to a focus sooner 
than t which pass nearer the centre, and the focus of a 
luminous point, ceasing to be a point, is spread over a surface. 
Hence, when rays are allowed to fall on the whole of the lens, 
the image formed on a screen placed in the focus of the more 
central rays is blurred by the diffusion circles caused by the 
circumferential rays which have been brought to a premature 
focus. In an ordinary optical instrument spherical aberration 
is obviated by a maa eey which shuts off the more circum- 
ferential ray Tn the oye the iris is an adjustable diaphragm ; 
and when the pupil contracts in near vision the more diverg- 
ent rays proceeding from a near object, which tend to fall on 
the circumferential parts of the lens, are cut off. As, how- 
ever, the refractive power of the lens does not increase regu- 
larly and progressively from the centre to the circumference, 
but yaries most irregularly, the purpose of the narrowing of 
the pupil cannot be simply,to obviate spherical aberration ; 
and, indeed, the other optical imperfections of the eye are so 
great that such spherical aberrations as are caused by the lens 
produce no obvious effect on vision. 





* Archiv f. Ophthalmol., xv, p. 284. 
10.4. Ureaclien, etc., der Kurzaichtigkelt, 1876, 
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ble ato shorter distance from the eye than the vertical lines 
or Similarly, the vertien! line must be farther from 
the eye than « horizontal one, if both are to be seen distinctly 
at the same time. The cause of ustigmatismn is, in the great 
majority of cases, the unequal curvature of the cornea ; but 
sometimes the fault liewin the lens, as was the case with Young. 


hen a Oa errata of the cornea or lens difers not in two me- 
fians mat in several, irregular aptigmatism 2 result. 
certain amount of irroguly astigmatism exists in most lenses, thus 
causing the image of a bright point, such as a star, to be not a cirele 
but a radiate figure. 


Chromatic Aberration —The different rays of the spectram 
are of different refrangibility, those towards the violet end of 
the spectrum being brought to « focus sooner than those near 
the red end. This in optical instruments is obviated by using 
compound lenses made up of variouk kinds of gla, In the 
eye we have no evidence that the lens is 90 constituted as to 


Poo. 178. 


=F 


» 
Diagrare Mluatzating Chromatic Aberration. 
AAG the Siopteie siirtace, Aw represents the Mus, and Ar the red mays! J te che focal 
Plate of the Blue, A of the red rays. 


correct this fault; still the total dispersive power of the instru- 
ment is so amall, that such amount of chromatic aberration 
as does exist attracts little notice. Nevertheless some slight 
aberration may be detected by careful observation. When the 
spectrum is observed at some distance the violet end will not 
be seen in focus st the same time as the red. If a luminous 
point be looked at through a narrow orifice covered by a piece 
of violet glass, which while shutting out the yellow and Lape 
allows the red and blue rays to pass through, there will be 
seen alternately an image having a blue centre with = red 
fringe, or a centre with a blue fringe, according as the 
image of the point looked at is thrown on one side or other 
of the true focus, Thus supposing f (Fig. 178) to be the 
plane of the mean focus of A, the violet rays will be brought 
to a focus in the plane V, and the red rays in the plane R; if 
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the rays be supposed to fill on the retina between V and f, 
the diverging or blue rays will form « centre surrounded 
the still converging red rays; whereas if the rays full on the 
retina between fand 2, the converging red rays will form a 
centre with the still diverging blue rays forming o frin; 
round them ; when the object is in focus at f, the two kinds of 
rays will he mixed together, 


Entoptic Phenomena.—The various media of the eye are 
not uniformly transparent; the rays of light in ai 
through them undergo local absorption and refraction, 
thus various shadows are thrown on the retina, of which we 
become conscious as imperfections in the field of vision, e- 
pecially when the eye is directed to a uniformly illuminated 
surface. These are spoken of as entopic phenomena, und are 

varied, many forms having been described. 

vw the most common are those caused by the presence of float- 
ing bodies in the vitreous humor, the so-called nite volt 
tantes, These are readily seen when the eye is turned towards 
a uniform surface, and are frequently very troublesome in 
looking through a microscope. They assume the form of 
rows and groups of beads, of single beads, of streaks, patches, 
aned ules, and may be recognized by their almost con- 
tinual movement, especially when the head or eye is moved 
up and down. When an attempt is made to fix the vision 
upon them, they immediately float away, Tears on the cor- 
nea, temporary unevenness on the anterior surface of the 
cornea after the eyelid has been pressed on it, and imperfee- 
tions in the lens or its capsule, also give rise to visual images, 
Not unfrequently » radiate figure corresponding to the ar- 
rangement of the fibres of is lett makes its appearance. 


Sppsat ie sesiesaeiay OE 
and the movements of the 
dered visible by 3 

fee wits be cbecered to contract 
it enters, light is shut off from 
the second. The } & condition 


openin, 
when 


sorption of the polarized 
be frequently rotated, as 
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nomena fade, Lastly, aceonling to Helmholtz, the optical arrange- 
ments have a further imperfection in that the dioptric surfaces are 
not truly centrod on the optic axis, 


See, 2. Visa, Seysations. 


Light falling on the retina excites sensory rife laes, and 
these passing up the optic nerve to certain parts of the brain. 

produce changes in certain cerebral structures, and thus give 
rise to what we call a sensction. In a sensation we ought to 
be able to distinguish between the events through which the 
impact of the rays of light on the retina is enabled to gener- 
ate sensory impulses, and the events, or rather series of 
events, through which these sensory impulses (for, judging by 
the analogy of motor nerves, we have no reason to think that 
they undergo any fundamental changes in passing along the 
optic nerve), by the agency of the cerebral arrangements, 
develop into a sensation. Buch an analysis, however, is at 
present at least, in most particulars, quite beyond our power ; 
and we must therefore treat of the sensations as a whole, dis- 
tinguishing between the peripheral and central phenomena, 
on the rare occasions when we are able to do go. 


The Origin of Viewal Impulbes, 


Of primary importance to the understanding of the way in 
srhith knwntoouh soialatione give rise to those Dacroue aaa 
which pass along the optic nerve as visual impulses, is the fact 
that the rays ofl cht produce their effect by acting not on the 
optic nerve itself but on its terminal organs (see pp. 619-21). 
‘the through the anterior layers of the retina apparently 


withioee sodnoing Le effect; it is not till they haye reached 


the region of the and cones that they set up the changes 
concerned in the generation of visual impulses; and the im- 
pulses here generated travel back to the layer of fibres in the 
anterior su! of the retina and thence pass along the optic 
nerve. That the optic fibres are themselves insensible to hight 
and that visual impulses begin in the region of rods and cones 
is shown by the phenomena of the blind spot and of Purkinje’s 
figures respectively. 


Spot—There is one part of the retina on which rays 
of light falling give rise to no sensations ; this is the entrance 
of the optic nerve, and the corresponding area in the hed of 

55 





SIGHT. 


vision is called the blind spot. If the visual axis of one eye, 
the right for instance, the other being closed, be fixed on a 
black spot in a white shect of paper, and a small black object, 
such as the point of a quill pen dipped in ink, be moved grad- 
ually sideways over the paper away to the outside of the field 
of vision, at a certain distance the black point of the quill 
will disappear from view. On continuing the movement still 

x outward the point will again come into view and con- 
tinue in sight until it is lost in the periphery of the field of 
vision (Fig. 179), Ifthe pen be to make a mark on the 
paper at moment when it is lost to view, and at the mo- 


(Pic. 179. 
e + 
Fix the visual axis of the right eye on the bhack spot, keeping the eit eye closed. Hold 
the page about five inches fromthe eye, and beh the at ap crom will te xeee. pow, 
while the right eye ls steadily foxed on the spot, the page is moved slowty oeewards, the 
‘cross will disappear entirely, and again reappear if the movement & comtinwed | 


ment when it comes into sight again; and if similar marks be 

along the other meridians as well as the: horizontal, an 
irregular outline will be drawn circumseribing an area of the 
field of vision within which rays of light fengons no visual 
sensation. This is the blind spot. The dimensions of the 
figure drawn vary of course with the distance of the pay 
from the eye. If this distance be known, the size as well as 
the paste of the area of the retina corresponding to the 
lin: may be caleulated from the di matic eye ee: 
634). The position exactly coincides with the entrance of 
optic nerve, and the dimensions (about 1.6 mm. diameter) also 
correspond. While drawing the outline as above directed the 
indications of the large branches of the retinal vessels as they 
diverge from the entrance of the nerve can frequently be ree- 
ognized. The existence of the blind spot is also shown by the 
fact that an image of light, sufficiently small, thrown upon the 
optic nerve by meana of the ophthalmoscope, gives rise to no 
sensations. 

‘The existence of the blind spot proves that the optic fibres 
themselves are insensible to light; it is only through the agency 
of the retinal expansion that they can be stimulated by 
nous vibrations. 


frau Se aera ey a dark room with a can- 
die, and while looking at a plain (not parti-colored) wall, 
snovee thu cance up kad down Holdin it on a level with the 
eyes hy the side of the head, there will appear in the field of 
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vision of the eye of the same side, projected on the wall, an 
ii of the retinal vessels, quite similar to that seen on look- 
ing into an eye with the ophthalmaseoy ‘The ficld of vision 
is amil with a, », and on this the branched retinal 
hegre yiinad ie Za ea mode of sseerimene 
the light enters ¢] through the cornea, and an image 
the candle ip oraed. on the nasal side of the retina; and it 
is the light emanating from this i which throws shadows 
of the retinal vessels on to the rest of the retina, A far bettor 
method is for a second person to concentrate the rays of light, 
with a lens of low power, on to the outside of the sclerotic 
just behind the cornea; the light in this case emanates from 


Fre. 180, Fea, 381. 
BA 


On 
Fro. 18.—Diagram Miastrating the Forsation of Purkinie's Figures, when the ils- 
saimation It directed through che Siclerotic. 
Fra, £81.—Dingrim [astrating the Formation of Purkinje’s Figures, whea the iu 
mination is directed through the Ceenea. 


the illuminated spot on the sclerotic and ing Healt 
through the vitreous humor throws a direct shadow of 
vessels on to the retina, Thus the rays passing through the 
sclerotic at 6, Fig. 180, in the direction 6 », will throw a 
shadow of the vessel y on to the retina at 2; this will stp 
asa dark line at B in the glare of the field of vision, is 
proves that the structures in which visual impulses originate 
must lie behind the retinal vessels, otherwise the shadows of 
these could not be pereeived. 
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‘J 


If the light be moved from 4 to a, 
moye from f toe, and the dark Tine 
from Bto A. If the distance BA 
image is projected ata known distance, it B from 
the opti distance ke 
w 


cil 


sl 


hand, and from that part of the retina § where visual impresdons 
on the other. H. Miiller found that the distance 3» thus eal- 
lated corresponded to the distance of the retinal vi from the 
layer of rods and cones, Thus Purkinjo’s figures prove, in the first. 
Place, that the sensory impalses which form the commencement of 
visual sensations originate in some partef the retina behind the ret- 
inal vessels, 1. ¢, somewhere between them and the choroid coat ; 
and H. Miller's calculations go far to show that they originate at 
the most. posterior or exter part of the retina, vin, 
rods and cones. It must be 
results were not sufficiently exact to allow any great stress to 
placed on this argument. 


It is desirable in these cascs to move the light to and’ fro, 

especially in the first method, as the retinn soon becomes tired, 

and the i fades away, Some observers can recognize in 
vi 


the axis of vision a faint shadow corresponding to the edge of 
the depression of the fovea centralis, de 


from web to left, provided the movement does not ext 
the mi 


af 
to , the shadow on the retina ¢ to y, and the it 
the other hand, a be supposed to move above the pl 


* For the properties of the optical centre, we must refor the reader 
to the various treatises on optics. ‘Tho optical, centre of « lems in tho 
polat through which al the princi; I raps, OC Eas verdad ils of 
rays falling on the lens, a o dingrammatic ‘Listing 
(p- 684) Mah bed eal contre but thele as, ‘without aera error, 
be farther redi for practical purposes to one lying in the lens near 
its posterior surface, at about 15 mm, distance from the retina, 
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orifice at a bright field, such as the sky, and moving the 
aidly from side to side or up and down. If the move- 
to side, the vessels which ran vertical will be 
Js. The fine cay 
Purkinje’s met! 
looking through a 


in the field), and moving the head rapidly 

and forwards. Or the microscope itself’ may be moved ; 
acivular movement of the Beld will then bring both the vertical 
and horizontally directed vessels into view at the same time. 


The Pho 


and we accordin, 
tive to light. aA he hats dwelt on in this book illustrate 


the great complexity and corresponding instability of the 
position of protoplasm. And we might reasonably suppose 
plasm itself would be sensitive to light; that is to 
say that rays of light falling on even undifferentiated proto- 
plasm might set up a decomposition of that plasm and 
#o inaugurate a molecular disturbance; in other words, that 
light might act ns a direct stimulus to protoplasm, As a 
matter fact, however, such evidence as we at present 
possess: goes to show that native undifferentiated protoplasm 
is not sensitive to light (that is, to those particular waves 
which when they on our retina give rise in us to the 
sensation of light), though in at least one instance a lowly 
nism, whose protoplasm exhibits very little differentiation 
PSs in particular contains no pigment, docs not manifest a 
sensitiveness to light.’ Nor can we be surprised at this in- 
difference to protoplasm when we reflect that what we may 
call pure plasm is remarkable for its transparency, that 
is to say the rays of light pass through it with the slightest 
possible absorption, But in order t 


' Eogolmanp, Pilager's Archix, xix (1879), p. 1. 
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the substance of which we are in search, But unfortunately 
this pigment i absent from the cones, and from the fovea 
centralis, which as we shall sce is the region of distinct vision ; 
it is further entirely wanting in some animals which un- 
doubtedly see-very well, and lastly animals, such as the fF 
naturally possessing the pigment, continue to see very well 
when it hax been absolutely bleached, ax it may be by pro- 
longed exposure’ of the eyes to strong light. We éannot 
therefore at present at least explain the origin of visual im- 

ses by the help of visual purple, But at the same time 
it must be remembered that the discovery of its existence is a 
stop in the desired direction; though it has failed us now, it 
gives promise of success in the future, 


That in the retina there does exist a substance or do exist sub- 
stances, presumably of the sensitive nature which we have indicated, 
which are used up in vision, bas been urged by Exner’ to be proved 
by the fallcving experiment ; E : 

It ig well known that when pressure is fora pelos to the bi 

it. 


tall, the retina speedily becomes insensible to If a sheet 


black, eh 
eyeball be 


‘very 800m, 
ment is 1 

mere loss of conductivity of the nervous structures, but tes con: 
sumption of visual substance which, owing to the pressure checking 
the nutritive supply, cannot be furnished rapidly enough. Thos in 
the retina corresponding to the white half of the sheet looked at 
this visual sabstance ix being used up, while in that part which corre- 
sponds to the white patch, there isno consumption as long as the black 
cover is kept on. When the black coyer is removed, the rays from 
the white patch accordingly find some visual substance to work upon, 
and hence the patch is visible until the supply of visual substance 
her also isin turn exhausted. Kiihne,” however, urges that Exner’s 
interpretation is not valid and that the phenomena may be explained 
on the Law of Contrast, of which we shall treat presently, manifested 
in a not wholly ¢xhansted rvtina, 


But even admitting as probable the existence of sensitive 
visual substances, the products of whose decomposition act 
a stimuli to the real endings of the retinal nervous mechan- 
ism, we cannot at present state anything definite concerning 


* Pilixer’s Archie, xvi (1878), p. 407. 
* Untersueh. Physiol. Inst. Heidel, BA. (I8TB\, y. AS. 
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ing up and largely extending Boll's discovery has been 
rods is susceptible to light not only during Tif 
SL icetlae nuel ccrteactte the rcaorta wa 
eye being due not to post-mortem changes bat to the 


light, and in its ger features an 
pr pen merino 


fount exclusively in the outer limbe of the rods; 
found in the cones, and jt is accordingly absent 


visual 

outer 

calor yep 

retina of the owl is in strong contrast to the absence of color in the 
bat. It has been found in the retina of a sheep's embryo, Asa 
poneral'rale’ the: amount'of pigment. present «ay bo wail to bo it 
inverse ratio to the development of colored “globules” or ‘lenses'’ 
in the rods and cones; but it would be premature to insist on any 


former. 


“¢., the purpligh-orange seen on 
¢ chamois) to a yellow, and finally becomes colorless ; and Kilhne 
believes that he fe justified in speaking of a visdal yellow and visual 


¥ Zar Photochemie der Netzhaut. “Ueber den Sobpurpary" Ver 
Mandl. d. natughistorichened, Vervine tn Holdelborg, Ba. |, 1877. 
“«Sehen ohne Purpur,” Untersuch. physiol. Instit, Reldelborg, Bd. fj 
1877. Ewald and Kabno, “ Ueber den Sehparpur,” Tid. 
«6 
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have shown that an electrical. change takin piece in ‘the retina and 
nerve whenever the former ts affected by light. When the 
iectrodes of a galvanometer are placed one on the cornea and the 
other on the posterior surface af the eycball, ar on the transverse 
seetion of the optic nerve, the galyancmeter indicates the existence 


of the bull 
he retina and the other 


body. 


tion), with a positive rebound 


be observed between 


it 

it 

ns a stimulus affecting the retina, varies in in- 

, in the energy of the luminous vibrations as 

their amplitude, and in duration, that is, in the 

‘a succesion of waves continue to fall upon the 

effect of the light will also depend on the extent 

if retinal surface exposed to the luminous vibrations at the 





1 Untersuch. Physiol. Inst. Heidel., Bd. ii (1878), p. 81. 
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‘ing before they can make an appreciable change in their posi- 
tion. When x moving bay feillpminatod by veveral api flatbes 
veveral distinet im: correspondis C 
Of the beity siting tha setreral fachea ure ental: the ii 
the Easy Seeseopemting 0 the sereral fall on different parts 
a retina, 


The eae her ae Bee set ee 
intensit object ; a wax candle a) ighter than a 
rushlight ject ippears 


it. The ratio, however, of the sengation to the stimu- 
Me ae i. simple se ig be ele of an chiedt Ke 
creased from a stage to a very bright 

one, it will be found that the corresponding Reeoitiong, tin 
they likewise gradually increase, increase less and less slowly 
than the luminosity ; and at last an increase of the luminosity 
produces no apprecinble increase of sensation ; a light, when 
it reaches a certain brightness, appears #0 bright that we 
cannot tell when it becomes ar brighter, Hence it is much 
casier to distinguish a slight di ict of brightness between 


two feeble lights than the same difference between two bright 
lights, We can casily tell the difference between a rushlight 
and a wax candle; but two suns, one of which differed from 
the other merely by just the number of luminous rays which 
a wax candle emits in addition to those set forth by a rush- 
light, would be to us to have exactly the sume Pate 
le wil 


In 4 darkened room an object pliced before a can 

throw what we consider a deep shadow on a sheet of paper, 
or any white surface. Tf, however, the sunlight be allowed 
to fall om the paper at the same time from the opposite side, 
the shadow is no longer visible. The difference between the 
total light reflected from that part of the paper where the 
shadow was, and which is illuminated by the sun alone, and 
that reflected from the rest of the paper which is illuminated 
by the candle as well as by the sun, remains the same; yet 
we can no longer appreciate that difference, 


On the other hand, if'using two rushlights, we throw two shadows 
ona white surface, and more one rashhght ‘away antil the shadow 
it ceases to be visible, and having noted the distance to 

to he moved, ropes the same experiment with two wax 

we shall find that the wax candle has to be moved just as 
rushlight. In fact it ix found, by careful observation, that 

tolerably wide limits, the smallest difference of light which 

we can appreciate by visual sensations is a constant fraction (about 
Tells) of the total loiutnoaity employed. The mune Inw holds good 
with regard (o the other senses as well. The sinallest difference in 
length we can detect between two lines, one an inch long andthe other 





cither of the sensations caused by the single objects, A num- 
ber of luminous points over a wide surface would 

each to have a certain brightness; cach would give 
rise to a sensation of a certain intensity. If they were all 
ema into one spot, that spot would appear far brighter 
than any of the previous points; the intensity of the sensa- 
tion would be » We may, therefore, suppose the retina 
to be divided into areas corresponding to sensational units, 
If the images from two luminous objects fali on separate 
visual areas, if we may so call them, two distinct sensations 
will be produced ; if, on the contrary, they both fall on the 
same visual area, one sensation only will be ee Where 
the sensations are separate, the intensity of the one (with ex- 
ceptions hereafter to be mentioned) is not affected by the pres- 
ence of the other; but where they become fused the intensity 
of the united sensations is greater than cither of, though not 
equal to the sam of, the single sensations, The existence of 
these sensational units is the basis of distinct vision, When 
we speak of the smallest size visible or distinguishable, we are 
referring to the dimensions of the retinal areas corresponding 
to these sensational units, The retinal area must be carefully 
distinguished from the sensational unit, for the sensation is, as 
we have seen, & process whose arena stretches from the retina 
to certain parts of thé brain, and the circumscription of the 
sensational unit, though it must begin ax a retinal area, must. 
also be continued a8 a cerebral area in the brain, the latter 
corresponding to, and being as it were the projection of, the 
former. With most people two stars appear as a single star 
when the distance between them ibieni an angle of bess 
than 60 seconds, and Weber found that the best eyes failed to 
distinguish two parallel white streaks when the distance be- 
tween the two, measured from the middle of ench, subtended 
an angle of les than 73 seoonds, Hirschmann’ could distin- 


* Quoted by Helmholtz, Phys. Optik, p. 841. 
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tion could be discovered. _In the last case there would be but one 
sensation, in the second there might still be two sensations if the 
marginal fall were great enough, even though the areas Vapi 
coalesced. Thus, though the mosaic of rods and cones is the basis 
of distinct vision, the distinction of fasion of two visual impulses is 

determined by the di: ion and condition of the cere- 
bral centres. Hence the possibility of increasing by exercise the 
faculty of distinguishing two sensations, since by use the cerebral 
senmtion-areas more and more differentiated, This, how- 
ever, is even more strikingly shown in touch than in sight, 


Color Sensations. 


When we allow sunlight reflected from a cloud or sheet of 
paper to fall into the eye, we have a sensation which we call 
a sensation of white light. When we look at the same light 
through a prism, and allow different parta of the spectrum to 
fall in succession into the eye, we have sensations which we 
call respectively sensations of red, yellow, green, and blue 
light, In other words, rays of light falling on the retina give 
rise to different sensations, according to the wavelengths of 
the rays, Though we speak of the spectrum as consisting of 
a few color, red, green, ete., there are an almost infinite num- 
ber of intermediate tints in the spectrum itself; and we per- 
ceive in external nature a large number of colors, such as 
purple, brown, gray, ete, which do not correspond to any of 
the color sensations gained by regarding the successive parts 
of the spectrum, We find, however, on examination, that 
many apparently distinct color sensations may be obtained by 
the fusion of two or more other color sensations, Thus pur- 
ple, which is not present in the spectrum, may be at once 
produced by fusing the sensations of blue and red in proper 
ees and the various tints and shades of nature may 

imitated by fusing a particular color sensation with the 
sensation of white, or by allowing a certain quantity of light 
of a particular color to fall sparsely over the area of the 
retina, which is at the same time protected from the access of 
any other light, i ¢, a8 we say, by mixing the color with 
black. Thus the browns of nature result from yarious ad- 
mixtures of yellow, red, white, and black; and a small quan- 
tity of white light, seattered over a large area of the retina, 
i. ¢., white largely mixed with black, forms a gray. In fact, 
the qualities of a color depend (1) on the nature of the pris- 
matic color or colors falling on a given area of the retina, 
&e., on the wave-lengths of the constituent rays; (2) on the 
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When the sensations to the several prismatic 
colors are fused ei song Dehra tte tallow 
ing remarkable results are brought about: 


1. When red and yellow in certain proportions are mixed 
the result ix a sensation of orange, quite indistin- 
‘of the spectrum itself. Now the 
Felon are peri ih, whereas 
6 


How rays can unite 
as the oran; 


generated by orange rays are 

by red and by yellow rays, we 
are led to infer either that the sensory impulses which rays of 
a given wave-length originate are themselves of a mixed 
Pine i ates oe gona eee the time when 
the are eon} into sensations. 
"The first of hese views is the one generally adopted. 


2. When certain colors are mixed er in pairs in 
certain definite proportions, the result is white, ‘These colors 
are: 

Red (near a),! and Blue-green (near F?) 
Orange (near C), and Bluo (between F and G), 
Yellaw (near D), and Indizo-blae (near G), 
Green-yellow (near E), and Violet (beewoen G and H), 


and are said to be “complementary” to each other. To these 
ya be added the peculiar non-prixmatic color purple, which 
with green also gives white. 


3. If we sclect arbitrarily any three distinct colors, é ¢., 
any three parts of the spectrum sufficiently far apart, say red, 
green and blue, we can, by a proper adjustment of the pro- 
portions of each, produce white. Further, by a proper addi- 
tion of white, these three colors can be taken in such propor- 
tions as to prodtict the sensations of all other colors. That 


* These letters refer to Frauenhofer's lines. 
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653) that visual impulses are started in that part of the retina 
ies beyond the retinal bloodvessels; bat in generation of 
those impulses we can pete tosis functions to roisor qones, to rod- 
fibres or cone-fibres, or to the various bodies constituting the external 
nuclear byer, The view that the cones rather than the 
retina are concerned in color vision cannot be regarded as: 
The argument that cones are absent from the retinas of nocturnal 
animals, remains invalid until it bas been proved that these ani- 
mals are color-blind; and the argument that in the fovea eentralis 
cones Smpren- iio ers used eaeeny well to prove that the rodsare 
of no use at all in distinct vision. Tn the eyes of Birds, Reptiles, 
and Amphibia, colored globales are found in the cones at the june- 
tion of the inner Cer limbs, ee ee these ae Sean 
in three raby-red, orange-yellow, and greenish-yellow, al 
Ktthno’ has exitucted thites distinet pignenta (thodopbane, r4hiho- 
phane and chlorophane), which, however, are but very feebly sensi- 
tive to light, It has been suggested that these colored globules are 
for instance, 
4 thro ib and impinge 
im ngANS 
seeing red. But this is very doubtful. 
"The Young-Heluiholts theory: baa wot sen saosepted by all ine 
quirers. Its moat serious opponent at the present time is Hering,” 
who, following Aubert,* and indeed Leonardo Da Vinci, maintains 
that the primary visual sensations are whito, black, red, yellow, 
green, and blue. He considers that these several sensations arise 
as the resultsof changes in what may be called the visual substance 
of tho visual nervous apparatus (see p. 659), those changes which 
give rise to black, green, and blue being essentially processes of ax- 
similation or construction of the visual substance, while which 
ve rise to white, red, and are processes of dissimilation or 
on of the visual sa Black ond whito, green and 
form accordingly antagonistic rather than com- 
iar is conceived of as mover ex- 
complete rest, A satisfactory discus. 


Admitting, ‘ing, however, that the hypothesis of three primary 
color sensations explains many of the phenomena tf color 
vision, there still remains the question, “ What are the three 
primary color sensations?” We have spoken of any three 
sp essai color sensations producing by manipula- 
other color sensations ; but, of what kind are the 

* Journal of Phyaiotogy, i (1878), 103-189. 
Zag Lahey ous 1 Taceolans wee Sitzungsberichte, Ixvi (1872), 

Leviil, lxix, tex, 


+ Physiologie der Netzhaut, 1865. 
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produced bythe purplish solution. The yellow spot is consequently 
mare epee reer poe. ‘This very soon, leony dies away. 

To speal sensation as a function of the stimulus (p. 663), 
we Went ta abel ht only ; but the different colors are unequal 
in the relations — fone intensity ‘of the stimulus to the amount 
of soneation the more refrangible blac rays pro- 
duce a sensation mere eae than the yellow or red rays. Henee 
in dim lights, as those of evening and moonlight, the blues prepon- 
derate, and the reds and yellows are lees obvious. So, also, when a 
landseape is viewed through a larg the opel dine Sena 
to the mind bright wanlight and summer weather, although the act- 
ual illumination which reaches the eye is dim ished by the el 
Conyersely when the same landacape is viewed through a blue ae 
th idea of moonlight or winter is suggested, 

The thi nary of eae color sensations may be used to ex: 
why any col lored Nard if made eufficiently intense, appears w iter 
‘Thus a violet light of moderate intensity appears vi becaute it 
excites the primary sensation of violet much more than those of 
green and red. the stimulus be increased the maximum of violet 
stimakstion will be reached, while the stinmlation of green will enn- 
tinue to be increased and even that of red toa slight degree. The 
result will ir that the | aid sil hah violet mixed with green, that is 
blue. If the stimulus be her increased while the grees 

let are both excited to ie maximum, the red stimulation may be 
inereased until the result is violet, green, Slat poy erpd mens > 
which make white light, And so with light of other 


After-images.—We have already seen that in vision the 
senéation lasts much longer than the stimulus. Under certain 
circumstances, such as condition of the eye, intensity of the 
stimulus, ete., the sansation is so prolonged, ‘that it ix spoken 
of as an after-i ‘Thus, if the eye be directed to the sun, 
the image of that body is present for a long while after ; and 
if, on early yakiog, the eye be directed to the window for an 


instant and then closed, an image of the window with its bright 
panes and darker sashes, the various parts being of the same 
color as the object, will remain for an appreciable time. These 
images, which are simply fae of the sensation, are 
spoken of ax positive rahe into y are best seen after 
momen| exposure of the ps a3 the eta 

When, however, the eye haz been for some time subject to a 
stimulus, the sensation which follows the withdrawal of the 
stimulus is of a different kind ; what is called a <a after 
image, or negative image, is produced. If, after looking stead- 
fast iv ut a white patch on a black ground, the eye be turned 
to a white ground, a gray patch is scen for some little time, 
A black patch on a white ground similarly gives rise on a 
gray ground to a negative image of a white pateh. Thia way 
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ii of the visual but the matter is surrounded 
in ponte Par i! ‘apparatus, is u 


Sre. 3, Visvat Pencrerions. 


Hitherto we have studied sensations only, and have consid- 
ered an external object, such as a tree, as simply a source of 
so many distinct sensations, differing from each other in in- 
tensity and kind (color), In the mind these sensations are 

, oporilinat into a ption, We are not only conscious of 
a number of of bright and dim Tighe, of green, 
brown, black, ete., but these sensations are so related to each 
other, and by virtue of cerebral processes so fashioned into a 
whole that we “see a tree.” We sometimes, in illustration of 
such an effect, speak of an image or picture in the mind cor- 

ding te the physical image on the retina, 

we look upon the external world a variety of images 
are formed at the same time on the retina, and give rise to a 
number of contemporaneous visual sensations. The sum of 
these sensations constitute “the field of vision,” which varies, 
of course, with every movement of the eye. This field of 
vision, being in reality an aggregate of sensations, is of course 
a eubjectioe matter; but we are in the habit of using the same 
phrase to denote the sum of external objects which give rise 
to the ite of visual sensations; in common Tingangs 
the field of vision is “all that we can see” in any position of 
the oe, and we have a field of vision for each eye separately 
and for the two eyes combined. 

Using for the present the words in their subjective sense we 
may remark, that we are able to assign to each constituent 
sensation its among the aggregate of sensations consti- 
tuting the field of vision; we can, as we say, localize the sen- 
sation. We can say whether it belongs to (what we regard 
az) the right-hand or left-hand, the ee or the lower part, 
of the field of vision. We are able to distinguish the relative 
positions of any two distinct sensations; and the relative posi- 
tions, together with the relative intensities and qualities (color) 
of the sensations pean from any object determine our per- 
ception of the object. It need hardly be remarked that this 
localization is purely subjective. We simply determine the 
position of the sensation in the field of vision (which is itself 
a wholly subjective matter); we do not determine the position 
of the objed, The connection between the position of the 


Of, Hering, op. cit. 
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‘The diminution of distinctness doet not take place 
the centre to the circumference along all meridians. 
des:ribed by a tine uni tt spots 
seen as two when moved ferent radii from the centre, is 


lor undergoes chat 
ing fire, thon greca, and bine last. A 
Heel a Tose coltr a blatsh-white, Tn fuses tare 

in the peri parts 


Since our ion of external objects is based on the 
distinctness of the sensations which go to form the perception, 
Foes lien expected that when an image of an object. is 

on the retina the sensory impulses would correspond 
to the retinal image, the sensations correspond to the sensory 
in and the perception corresponding to the sensations, 
that, therefore, the mental condition resulting from our 
tooling at any obgeat or view would correspond exactly to the 
inal image. We find, however, that this is not the case, 
‘The sensations, and probably even the simple sensory impulses 
produced by an image react upon each other, and these re- 
actions our perceptions, ara ps of the physical 
conditions of the retinal image, There arise certain diserep- 
ancies between the retinal image and the perception, some 
haying their source in the retina, some in the brain, and 
being of such « nature that it is difficult to say where 

the irrelevancy is introduced. 


Trradiation—A white patch on a dark ground appears 
and a dark patch on a white ground smaller than it 

ly is, This is expecially so when the object is somewhat 
out of focus, and may, in this case, be partly explained by 
the diffusion circles which, in each case, encroach from the 
white upon the dark, But oyer and beyond this, any sensa- 
tion, coming from a given retinal area, occupies a larger 











quite insensible to light, we are conscious of 
vision. When in loo! at a page of 
wal axis #0 that some of the print must 


blind spot, no is perceived. We could not 
ies aida patentee what we call black is 
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really is Hence short persons affect dresses horizontally 
striped in order to increase their apparent height, and 
stout persons avoid longitudinal stripes. Two perfectly paral- 
Jel lines or bands, cach of which is crased by slanting parallel 
short lines, will appear not parallel, but diverging or con- 
v ig according to the direction of the croslines. 
in, when a short person is placed side by side with a 
tall person, the former appears shorter and the latter taller 
than each ra ‘The moon on the horizon appears larger 
than when at zenith, partly because it can then be most 
easily compared with terrestrial objects, and partly perhaps 
because, from a conception we have of the heavens being 
flattened, we judge the moon to be farther off at the horizon 
than at the zenith; and Lev igepad off, and yet mibeentings 
ee 


a el atmosphere they are 
tiretly and 90 judged to be seg dlp ee ely life is 


full of instances in which our direct perception is modified by 
circumstances. Among those circumstances previous experi- 
ence ix one of the most potent, and thus simple perceptions 
become mingled with what are in reality judgments, though 
frequently made uneonselously. But uo fntrusion of past 
experience into present perceptions and sencations is most 
forse in binocular a ig pees we now tum. 


Ske. 4. Brsocutan Viston. 
Corresponding or Identical Points, 


Spa we have two dbs and must therefore receive from 
every object two sets of sensations, our perception of any 
object is under ordinary circumstances a single one; we see 
one object, not two, By putting either eye into an unusual 
position, as by squinting, we can render the perception double; 
We sée two objects where only one exists, From which it is 
evident that singleness of perception depends on the image of 
the object falling on certain parts of cach retina at the same 
time, these parts being so related to each other that the sensa- 
tions from each are blended into one perception; and it is also 
evident that the movements of the eyeballs are adagted io 








Ixd, if Cr, Ce be the two visual 
res of the fovee centrales of the two ¢ 








Diagram Illustrating Corresponding Points. Z, the le 
optical centre; a1, 41,¢1 are points in the right eye corres 
in the left eye. The two figures below are projections ¢ 
retina, It will be seen that a on the malar side of L cc 


side of R. 


ACB being seen single, the point a on 
“correspond” to or be “identical” with 
oan #SasB) Sis hie niniatfin thes 
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occurs when the two images of an object fall on these cor- 
responding points of the two retinas, it is obvious that in 
pe vinioo with two eyes the ordinary movements of the 
eyeballs must be such as to bring the visual axes to converge 
at the object so that the two images may fall on corresponding 
points. hen the visual axes do not 0 converge, and when 
therefore the images do not fall on corresponding points, the 
two sensations are not blended into one perception, and vision 
becomes double. 


Movements of the Eyeballs. 


‘The eye is virtually « ball placed in a socket, the orbit and 
the bulb forming « ball-and-socket joint. In its socket joint 
the optic ball is capable of a variety of movements, but it 
cannot by any voluntary effort be moved out of its socket. 


Iris siatad that by very finsble opening ofthe eyelids the eye- 
ti 


ball bo slightly protruded: but locomoti be 
Beene ete ties peste Hh tke epee tee 
et may be materially changed. 


Each eyeball is capable of rotating round an immobile 
centre of rotation, which has been found to be pt a little 
(1.77 mm.) behind the centre of the eye; but the movements 
of the eye round the centre are limited in a peculiar way. 
The shoulderjoint is a similar ball-and-cocket joint; and we 
know that we can not only move the arm up and down round 
a horizontal axis passing through the centre of rotation of the 
head of the humerus, and from side to side round a vertical 
axis, but we can also rotate it round its own longitudinal axis. 
When, however, we come to examine closely the movements 
of the eyeball we find, as was shown by Donders, that though 
we can move it up and down round a horizontal axis, as when 
with fixed head we direct our vision to the heavens or to the 
ground, and from side to side, as when we look to left or right, 
and though by combining these two movements we can give 
the eyeball a variety of inclinations, we cannot, by a voluntary 
effort, rotate the eyeball round its longitudinal visual axis. 
‘The arrangement of the muscles of the eyeball would permit 
of such a movement, but we cannot by any direct effort of will 
bring it about by iteclf; we can only effect it indirectly when 
we attempt to move the eyeballs in certain special ways. 

If, when vision is directed to any object, the head be moved 
from side to side, the eyes do not move with it; they appear to 

58 
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oblique axis in the same plane, and 
Snpd the visual axis fami When tha 

or Yer ative image in the above experiment be- 
comes in in an me movement of the its motion is 
similar to that of the spokes of a wheel; but this change of posi- 
tion of the meridians of the retina must not be coafbindel will the 
actual of the eyeball on its visual axi 

All movements theo starting from the primary position, whether 
rectangular or oblique, are executed without rotation of the eyeball ; 
but this is pot the case in moving from one secondary position to 
another. Moreoyer Listing’s kw holds good only so long as the 
visas) zea cesbobatinceliat When the visual axes are made to 
converge, some amountof rotation occurs, and that even when their 
horizontal direction, proper to them in the primary position, is 
maintained. The rotation with the exception of a particular 
pesition, still more marked as is asually the case during the 
convergence, the eyes are directed downwards. 

Tt was once thought that the maintenance of the position of the 
eyeballs when the was turned to the shoulders, while vision 
was directed to an object in front, was effected by means of a rota- 
tion of the eyeballs, This Donders proved to be an error, though 
some slight amount of rotation does take place, In various 
movements of the éye, too, rotation ocuurs to a variable extent. 


Muscles of the Eyeball —The eyeball is moved by six mus- 
cles, the reeti inferior, experior, infernus, and externus, and the 
iqué inferior and ior. Tt is found by calculation from 
the attachments and directions of the muscles, and confirmed 
by actual observation, that the six muscles may be considered 
as three each pair rotating the eye round a particular 
axia. The ive attachments and the axes of rotation are 
diagrammatically shown in Fig. 185. Thus the rectus supe- 
rior and the rectus inferior rotate the eye round a horizontal 
axis, which is directed from Be "pier end of the nose to the 
temple; the obliquus sapere obliquus inferior round a 
horizontal axis directed the centre of the eyeball to the 
occiput; and the rectus internus and rectus externus round a 
jcal axis (which, being at right angles to the plane of the 
paper, cannot be shown in the diagram), passing through the 
centre of rotation of the eyeball parallel to the median plane 
of the head when the head is vertical. ‘Thus the latter pair 
acting alone would turn the eye from side to side, the other 
straight pair acting alone would move the eye up and round, 
while the oblique muscles acting alone would give the eye an 
oblique movement. The rectus externus acting alone would 
turn the eye to the malar side, the internus to the nasal side, 
the rectus superior upwards, the reetus inferior downwards, the 
oblique superior downwards and outwards, and the Wwierwr 








Movements— 

aunomete thts , 8 considerable amount of co-ordi- 
nation takes place. Ifans theleyal ti ware ta any "Ge 
than the vertical and horizontal meridians, impulses must de- 
scond to at least three muscles, and in such relative energy to 
each of the throe as to produce the required inclination of the 
visual axis. But the co-ordination observed in binocular vision 
is more striking still. Ifthe movements of any person's 
be watched it will be seen that the two eyes move alike. 
= oie ct Teo moves to the right, 90 does also the left; and BS 

it che rgb kate fe ye arey aie 
ea ie a ie looks up also, ani 
eo in every al bt Ne ‘ery few persons erate bya 
direct effort of ‘the will to move one eye independently of the 
eed h some, and among them one distin: ea both 

iologist and an oculist, have acquired this power. 

Tn fact, tho movements of the two eyes are so arranged that 
in the various movements the images of any object should fall 
on the corresponding points of the two retine, and that thus 
single vision Trould result, We cannot by any direct effort 
of our will place our eyes in such « a that the rays of 
light ing from any say obledt shall fall on parts of the ret- 
ina which do not correspond, and thus give rise to two distinet 
visual images. We can bring the visual axes of the two eyes 
from a condition of parallelism to one of ae car 
but we cannot, without special assistance, 
condition of parallelism to one of ane 


ae enable us to create a divergence. If in a 
ea atop distance (ipa eal oe be ehier| 
¢ impression of a see not i 
eas ign diverge: Heli Feil el eo 
with # prism one eye, with the le 
Prom ied towards the ose and ie vin of the ol 
fra fast after aoe the a slowly ae 
keeping the image of the object pit fr iy 
that on removing the a double image was for a moment seen’ 
showing that the eye before which the prism was placed bal wove. 





BINOCULAR VISION, 691 


Such a complex co-ordination requires for its carrying out 
4 distinet nervous machinery ; and we have reasons for think- 
ing that such a machinery exists in certain parts of the cor- 
ra quadrigemina or in the underlying structures. (See p. 
.) Tn the nates, Adamuk finds a common centre for both 
eyes, stimulation of the right side producing movements of 
both eyes to the left, of the left side movements to the right; 
while stimulation in the middle line behind causes a downward 
movement of both eyes, with convergence of the axes, and in 
the front an upward movement with return to parallelism, 
both accompanied by the naturally associated movements of 
the pupil. Stimulation of various parts of the nates causes 
various movements, depending on the position of the spot stim- 
ulated. After an incision in the middle line, stimulation of 
the nervous centre on one side produces movements in the eye 
of the same side only. 


The Horopler. 


When we look at any object we direct to it the visual axes, 
#0 that when the object is mall, the “ corresponding ” parts of 


Fig. 135, 
c 


Diagram Mhasrating a Simple Horepter. 
‘When the visas! axes converge at C.the Images a of wny point A 00 the circle drama 
through Cond the optical centres #4, will fall on correaponding poinas, 


the two reting, on which the two images of the object fall, lie 
in their respective fovew centrales. But while we are looking 
at the particular object the images of other objects surround- 
ing it fall on the retina surrounding the fovea, and thus go 
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¥pondin, ” parts, the one eye ayy that of the field of 
vision hich is Satine th Dos otkiaes And beri imy ions 
are similarly made good. But the great use of binocular 
vision is to afford us means of NOer visual judgments con- 
cerning the form, size, and distance of objects. 


Judgment of Distance and Size—The perceptions which 
we gain simp! (oar pee ield of vision concern two 
Powis sare rinyebeen aware of the ae 

an, of the col ling to any particul ject, 
and ot st ical relations tthe reno the Bld, bt 
no more, we nothing more to depend on, our 4i; 
would be almost valueless as fur a# any exact information of 
the external world was concerned. By association of the 
visual sensations with sensations of touch, and with sensations 
derived from the movements of the eyeballs required to make 

ds to a particular ob- 
ments, 7. ¢., to draw con- 
by means of an inter- 


tion of the object in a plane 
axis, but also as to its distance 


our accommodation mechanism so that the eye becomes ad- 
justed for distance. The muscular sense (see Chap. IV, sec. 
4) of this effort enables us to form a judgment whether the 
object is far or near. Seeing the narrow range of our accom- 
modation, and the slight muscular effort which it entails, all 
monocular judgments of distance must be subject to much 
error, Every one who has tried to thread a needle without 
using both eyes knows how great these errors may be. When, 
on the other hand, we use two eyes, we have still the varia- 
tions in accommodation, and in addition have all the assist- 
ance which arises from the muscular effort of 20 directing the 
two eyes on the object that single vision shall result. When 
the object is near, we converge our visual axes; when distant, 
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so with solidity, which is at bottom a matter of distance of 
the parts of an object, we can form a judgment with one © 
alone; but our ideas become much more exact and bash 
when two are used. And we are much assisted by the 
effects luce by the reflection of light from the various 
surfaces of a solid object; s0 much s0, that raised surfices 
may be made to appear depresied, or vice wersc, and flat sur- 
faces ¢ither raised or depressed, by appropriate arrangements 
of shadings and shadow. 

Bin ‘vision, moreover, affords us a means of judgin, 
of the solidity of objects, inasmuch as the image of any soli 
object which falls on to the right eye cannot be exactly like 
that which falls on the left, though both are combined in the 


Bra. 187. 


Dl 2d Dt 


single perception of the two eyes. Thus, when we look at 
truncated oe placed in the middle line before us, the 
bare which falls on the right eye is of the kind represented 
in Fig, 187, R, while that which falls on the left cye has the 
form of Fig. 187, LZ; yet the ption gained from the two 
images together corresponds to the tiene of which Fig. 187, B, 
is the projection, Whenever we thus combine in one percep- 
tion two dissimilar images, one of the one, and the other of 
the voce Bi 4 we judge that the object giving rise to the 


ee 
is ix the simple principle of the stercoscope, in which two 
aightiy dissimilar pictures, sach as would aint to the 
vision of each eye separately, are, by means of reflecting mir- 
rors, a8 in Wheatstone’s original instrament, or by prisms, ag 
in the form introduced by Brewster, made to cast images on 
ig parts of the two retinas ao a8 to produce a single 
ion, igh each picture ix a surface of two dimen- 
dons only, the resulting perception is the same as if a single 
object, or group of objets; of three dimensions had been 
looked at, 


Tt might be supposed that the judgment of solidity which 
arises when two dissimilar images are thus combined in one 
perception, was due to the fit that all parts of the two images 
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See. 6. Tue Prorrerive Mecuasteus or Tar Eye. 


‘The eyeball is protected by the eyelids, which are capable of 
tetas allel seaphath Lt pt teeta shutting 3 rs 
‘The eye is shut by the contraction of the orbicularis nx 
carried out either as a reflex or voluntary act, by means of 
the facial nerve. The eye is opened chiefly by the raising of 
the upper eyelid, th the contraction of the levator pal- 
pebre éarried out by means of the third nerve. The upper 

elid is also raised and the lower depressed, the eye being 

us opened, By means of plain muscular fibres existing in the 
two eyelids and governed by the cervical sympathetic. The 
shutting of the eye as in winking is in general effected more 
rapidly than the opening. 

‘he eye is kept continually moist ly by the secretion of 
the glands in the conjunctiva, and of the Meibomian glands, 
but chiefly by the secretion of the lachrymal gland. Under 
ordi circumstances the fluid thus formed is carried away 
by Grsebryecal nazile into the nasal sac and thus into the 
cavity of the nose. When the secretion becomes too abun- 
dant to escape in this way it overflows on to the cheeks in the 
form of tears. 

If a quantity of tears be collected, they are found to form 
e clear isintly alkaline fid, in many respects like saliva, con- 
taining about one per cent. of solids, of which a small part ix 
proteid in nature. Among the salts present sodium chloride 
conspicuous. 


The nervous mechanism of the secretion of tears, in man: 
respects, resembles that of the secretion of saliva, A flow 
usually brought about either in a reflex manner by stimuli 
applied to the conjunctiva, the nasal mucous membrane, tongue, 
optic nerve, ete. or more directly by emotions. Venous con- 
gestion of the head is alo said to cause a flow. The efferent 
nerves belong either to the cerebrospinal system (the lachry~ 
mal and orbital branches of the fifth nerve), or arise from the 
cervical sympathetic, the afferent nerves varying according to 
the exciting cause. 


Hersenstein' and Wolfers? showed that stimulation of the periph- 
eral end of the divided lachrymal branch of the fifth nerve pro- 
duced a copious flow of tears. After division of this branch stimu- 
lation of the nasal mucous membrane produced no increased flow : 

1 Du Boit-Reymond's Archiv, 1807, p. 651. 
2 Disseriatio, Honle and Melemner's Bericht, 1871, p. 246. 
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membrane lining the tympanum; the middle layer, which is 
the most important, ia tense, strong, and fibrous, made up of 
circular and radiating fibres, with a small amount of elastic 
tissue intermixed. 

In the internal wall of the tympanum are two small open- 
ings, the fenestra ovalis and fenestra rotunda, which communi- 
eate with the labyrinth. The fenestra rotunda is closed by a 
membrane. Extending between the tympanic membrane and 
the fenestra ovalis are the ossicles, consisting of three small 
bones, which form a system of levers. "These ossicles are 
termed, from their resemblance to articalae objects, the mal 
teus, ineus, and stapes. (Fig. 190.) The malleus consists of a 
head, neck, long and short process, and handle. The head 


Fic, 189.—Lnner View of the Membrana, 
‘Tympani in the Peetes, with the Malleus 
attached. 


4, membrane or dewm of the tysapamiem : 
4, tmallens ; c, band ef ciecular fibres at the 
clreunference r , inferlor, and ¢, superior 
tympanie artery ; /, tympanic bone, 


Ye, 199.—Plas of the Omticles in Position in the Tympanum with their Muscles. 


a, cavity ofthe tympanum ; 5, renbrana tympani; ¢, Eustachian tabe; d, malleus; 
4 Sncus ; /, stapes; gy laxator tympast muscle: 4 


articulates with the roof of the tympanum, and in a depression 
of the incus; the handle is directed downwards, and attached 
by its whole length to the tympanic membrane; the long 
process (processus gracilis) is directed forwards, and has at- 
tached the insertion of the lazafor tympani muscle; the short 
process, which is at the base of the ine process, hax attached 


the insertion of the tensor tympani muscle. The inewa esas 
5a 





ANATOMY OF THE BAR. 708 


vestibule, semiciroular canals, and cochlea; and is situated within 
the petrous portion of the temporal bone. Within the oase- 
ous labyrinth isa membranous Iabyrinth to which the audi- 
tory nerve is distributed. The vestibule is an irregular cham- 
ber, which serves a4 4 common means of communication 
between the tympanum and the semicircular canals and coch- 
fea. On its external wall is the fenestra ovalis, closed by the 
base of the es. On its internal wall is a depression called 
the fovea hemiapherioa, which is perforated by minute openings 
for the passage of auditory nerve-filaments. Above and pos- 
terior to this depression is another, the fovea hemiedliptica. 


Representation of the Semicivealar Canals Enlarged (from a model In University Cele 
tege Mescuts), «, superior vertical; 8, posterior or inferise vertical; amt c, horinantsl 
canal: , common opening of the two vertical canals; ¢, part of the veatibular cavity | 
SF. opening of the aqueduct of the vestibule, 


Posterior to the fovea hemispherica is the orifice of the aque- 
ductus yestibuli. In the posterior wall are five openings lead- 
ing to the semicircular canals. Anteriorly, it communicates 
with the cochlea by the aperture aoala westibuli cochlem, The 
semicircular canals are three in number: the superior, posterior 
or inferior, and horizontal. They form the greater portion of a 
circle, and communicate with the vestibule by five openings, 
one of which is common to the superior and fetouatal canals, 
‘The superior canal is situated vertically, and at right angles 
with the posterior surface of the petrous bone; the posterior 
canal i« also yertical, and parallel with the posterior surface 
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other, and contain between them the organ of Corti, which 
rests on the basilary membrane. (Fig. 195.) 

‘The scala wetiindi* communicates below with the vestibule 
by the apertura: scala veetibuli cochlea; the lower passage, or 
sala tympani, communicates with the tympanum by the 
fenestra rotunda, These scale communicate at the apex of 
the cochlea by an opening termed the hiatus or helicotrema, 
which exists in consequence of a deficiency of the last halt 
turn of the lamina spiralis. v 


Fea. 195. 


A Diagram of « Section of the Tube of the Cochlea Enlarged (modified from Hawt), 
SV, scala vestibudl; ST, scala tympani; CC, canal of the cochlea; 1, membeane of 
Reissner 2, cochlear branch of the auditory nerve ; %, lamina «piratis ossen : &, phason 
semilunare; @, lamina Genticulain; 4, saleus spiralia: ¢, tympanic lip of the suleu 
wplrale; , Eaner rods of Ceti; ¢, cuter rods of Corti; /, lamina reticularia; ¢, nner 
haincetie: mf, membrana basilaris; wc, membrane of Corti; p, outer haincells: amr, 
‘central space between the rods 


The osseous portion of the lamina spiralis has on its su- 
ior external portion a denticulated cartilaginous substance 
called the lamina dentiowlata, From the superior surface of 
the spiral lamina, and internal to the lamina denticulata, is a 
delicate membrane extending upwards and outwards at an 
angle of about 45° to the external wall of the scala. This is 


' The upper scala is divided into two parts by a membranous partl- 
tlon, the sppor of which is called the scala vestibuli; the other, ductus 
cochlearis. (Fig. 125.) 
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delicate structure called the reticular membrane, The auditory 
nerve-filaments probably terminate in the ciliated cells, being 
intimately connected with the cilia. 

‘The osseous labyrinth is lined by a fibro-serous membrane 
which secretes a watery fluid, called the perilymph. The peri- 
lymph fills the sealw of the cochlea, and surrounds the dwe- 
tus cochlearis and the membranous portions of the Isabyrinth, 
which are situated in the vestibule and semicircular canals, 

The membranous labyrinth is a closed sac consisting of the 
semicircular canals, a vestibular portion, and the ductus coch- 


Distribution of Nerves to the Membranons Labyrinth (Bkescwer.) 


4, nerve to the saccale; 4, nerve entering the ampullary enlargement on x semicircular 
tube: ¢, branch of serve entering the large ac or utriche. 


learis of the cochlea. The semicircular canals are of the same 
form as the osseous canals, and are contained within them, 
The vestibular portion consists of an expanded body, the 
wiriele, and a smaller body, the sacewde, ‘the utricle is situ- 
ated at the fovea hemielliptica ; the semicircular canals open 
on its internal surface. The saccule lies ut the fovea hemi- 
r) dea; it is connected with the ductus cochlearis by the 

fietus reuniens. In the walls of the saccule and utricle are 
two calcareous bodies called the otoliths, The walls of the 
ampulla, according to Bowman, also contain some grains of 
# similar substance. The walls of the membranous labyrinth 
consist of a fibrous tissue, lined by pavement nucleated epithe- 
Hum cells, haying a structureless basement-membrane, These 
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As in the eye, so in the ear, we have to deal first with a 
nerve of special sense, the stimulation of which gives rise to 
a ial sensation ; secondly, with terminal organs through 
which the physical changes proper to the special sense are en- 
abled to act on the nerve; and, thirdly, with subsidiary aj 
ratus, by which the usefulness of the sense is in . he 
central connections of the auditory nerve are such that when- 
ever the auditory fibres are stimulated, whether by means 
of the terminal o1 in the usual way or by the direct ap- 
plication of stimuli, electrical, mechanical, ete., the result is 
always a sensation of sound. Just as stimulation of the optic 
fibres produces no other sensation than that of light, so stimu- 
lation of the auditory fibres produces no other sensation than 
that of sound. The terminal organs of the auditory nerve 
are of two kinds: the complicated organ of Corti in the coch- 
lea, and the epithelial arrangements of the maculs crist# 
scustice in ne of the labyrinth. Waves of sound 
falling on the auditory nerve itself, produce no effect what- 
ever ; it is only when by the medium of the endolymph they 
are brought to bear on the delicate and peculiar epithelium 
cells which constitute the peripheral terminations of the nerve, 
that sensations of sound arise. Such delicate structures are 
for the sake of protection naturally withdrawn from the sur- 
face of the body where they would be subject to injury. Hence 
the necessity of an acoustic apparatus, forming the middle 
and external ear, by which the wayes of sound are most ad- 
vantageously conveyed to the terminal organs. 


The Acoustic Apparatus. 


Waves of sound can and do reach the endolymph of the 
labyrinth by direct conduction through the skull.” Since, how- 
ever, sonorous vibrations are transmitted with great difficulty 
from the air to solids and liquids, and most sounds come to us 
through the air, some special apparatus is required to transfer 
the aerial vibrations to the liquids of the internal ear. This 
apparatus is supplied by the tympanum and its appendages, 


The Concha.—The use of this, as far as hearing is con- 
cerned, is to collect the waves of sound coming in various 


}'Te will bo seen later on that there nro reasons for thinking that im- 
hos passing along the auditory nerve may give rise to other effects 
i wuditory sensations. 
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Thus every movement of the tympanic membrane is trans- 
mitted through this chain of cesicles to the membranes of 
the fenestra ovalis, and so to the perilymph of the labyrinth ; 
the vibrations of the tympanic membrane are conv with 
increased eeprom with diminished amplitude, to the 
latter, That the us move en masse has been proved 
recording their movements in the usual graphic method. 
very light style attached to the incus or stapes is made to 
‘write on a travelling surface; when the membrana tympani is 
thrown into vibrations by a sound, the curves described by 
the style indicate that the chain of bones moves with every 
vibration of the tympanum. On the other hand, the com- 
parutively loose attachments of the several hones is an obstacle 
to the molecular transmission of sonorous vibrations 
them, Moreover sonorous vibrations can only be transmitted 
to or pass along such bodies us either are very long compared 
to the of the sound-waves, or, as in the case of mem- 
branes and strings, have one dimension very much smaller 
than the others. Now the bones in question are not espe- 
cially thin in any one dimension, but are in all their dimensions 


pope emall compared with the length of the vibrations 

of even 2 shrillest sounds we are capable of hearing ; hence 

= must be useless for the molecular propagation of vi- 
rations. 


The tensor tympani muscle, even in a quiescent state, is 
of use in ipearentiee, the membrana fyapant being pushed 
out far, en it contracts it renders membrana tym- 
pani more tense, and hence has been su) to act either as 
a damper lessening the amount of vibration of the membrane 
in the case of too powerful sounds, or as a sort of accommo- 
dation mechanism attaning the membrane to the sounds which 
full upon it, Its activity in this direction is regulated by « 
reflex action. In some persons the muscle seems to be partly 
under the dominion of the will, since a lg Bee crackling 
noise which these persons can juce at pleasure appears to 
be caused by a contraction of the tensor tympani. 





} Arob. f. Anat, u. Phys, 1878 (Phys. Abth.), p. 312. 
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in the terminations of the audi- 


when the repetition 
the period s0 com as not to be 
sensation produced is that of a noise. 


Which has ¢: 
which no consecutive vibrations may be alike, there 
merous intermediate stages. 

Ha bath aciaes a isis) nila ne reenenine:6 characte 
which we call loudness, This is determined by the amplitude 
of the vibrations; the areata the disturbance of the air (or 
other medium) the louder the sound. In a musical sound we 

ize also a character which we call pitch. This is de~ 
termined by the wave-length of the vibrations; the shorter 
the wave-length, the lai the number of consecutive vibra- 
tions which fall w ear in a second, the higher the 
pitch. We are able to speak of a whole series of tones or 
musical sounds of different pitch, from the lowest to the 
highest audible tone. And even in many noises we can, to a 
certain extent, recognize & pitch, indicating that among the 
asl ieee vibrations there is a periodicity with fixed in- 


Lastly, we distinguish musical sounds by their quality; the 
same note sounded on a piano and on a violin produces very 
different sensations, even when a series of vibrations having 
in each case the same period of ation 59 sek Soe This 
arises from the fact that the musical sounds generated by most 
musical instruments are not simple but compound vibrations. 
When the note C in the treble for instance is struck on the 
piano, it is perfectly true that a series of vibrations with a 

iod characteristic of the pure tone of the treble C are 
started, but it is also true that those vibrations are accom- 

ied by other vibrations with periods characteristic of the 

in the octave above, of the G above that, of the C in the 
next octave, and of the E above that. And it is the effect of 
all these vibrations together on the ear which causes the sen- 
sation which we associate with the sound of the treble C ou 





- 
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able to analyze the wave into its constituent vibrations, each 
string taking up those vibrations, and those vibrations onl; 
which belong to the tone given 


that we 
analyets 
lyze, and that each terminal 
by particular vibrations gives rise to a xen- 
us to asenaation of a distinct 
organs to exist, our appreciation 


iy 


and in the span of their arch, cach 


ay 
ee ‘of the whole organ of Corti. 


mageeiod that 
present in birds, and which, being tense radially, 
» % 6G, along the spiral of the cochlea, mys 
‘estigations show, be cot as consisting of a 
radial strings, each capable of independent vibra- 
agen of analysis. According to this view, 
‘ing the gia ee of the cochlea 
pathetic vibrations a portion of the basilar 
16 vibrations of which in turn 90 affect the structures 
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of Corti, the appreciation of any sound is ultimately a mental 
act. ‘The analysis of the vibrations by the fibrea of Corti or 
the basilar membrane is simply preliminary to a synthesis of 
the sensory impulses so generated into a complex sensation. 
We do not receive a distinct series of specific auditory im- 
pulses resulting in a specific sensation for every possible 
variation in the wave-length of sonorous vibrations any more 
than we receive a distinct series of specific visual impulses 
for every possible wave-length of luminous vibrations. In 
each case we haye probably a number of primary sensations, 
from the yarious mingling of which, in different Propo 
our varied complex sensations arise; the difference between 
the eye and the ear being that whereas in the former the 
number of primary sensations appears to be limited to three, 
viz., red, freen, and violet; in the latter, thanks to the organ 
of Corti, the number is very large; what the exact number is 


we cannot at present tell. Our appreciation of a sound is at 
bottom an appreciation of the combined effect produced by 


the relative intensities to which the primary auditory sensa- 
RoE We, with the help of the organ of Corti, excited by the 
sound. 

Whatever be the explanation of the manner in which our 
distinct auditory sensations arive, the range and precision of 
our appreciation of musical sounds is very great. Vibrations 
with a recurrence below 30a second are unable to produce a 
sensation of sound ; if the waves are powerful enough we may 
feel them, but we do not hear them if the vibrations are 
simple, and such as would give rise to a pure tone; if the 
fundamental tone is accompanied by overtones we may hear 
these, and are thus Ae to say we hear the former when in 
reality we only hear the latter. The note of the 16-feet organ 
pipe, 33 vibrations a second, gives us the sensation of a dron- 
ing sound. A tone of 40 vibrations is, however, quite distinct. 
In the other direction it is possible to hear a note caused by 
38,000 vibrations a second, though the limit for most persons 
is far lower, about 16,000. Some persons hear grave sounds 
more easily than high ones, and vice versa. This may be so 
pronou! as to justify the a being spoken of as deaf 
to grave or high tones respectively. 

¢ power of distinguishing one note from another varies, 
as is well known, in different individuals, according as they 





elmboltz, Tonempfindungon, p. 30. Cf. Preyer (Grenzen der 
Tonwahrieheung. Physiolog. Abhandlonges, i, 1, 1870), who places 
the grave limit as varying from 16 to 24, and the acute limit from 
16,000 to 40,000 vibrations por second, 
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lies 40 
4 second, i, ¢,, between the lowest bass C (C, 33 vibrations) 
and the highest treble C (C* 4224 vibrations) of the piano; 
tones above and below these, even when audible, being dis- 
oes from each other with great difficu! 
hen two consecutive sounds follow 
ficiently short interval the sensations are fused into one. 
this respect auditory sensations are of shorter duration than 
ocular sensations. en ocular sensations are ee ten 
times in a second thoy become fused (p, 664), the 
ticks of a pendulum beating 100 in a second 
audible as distinct sounds, 
in tune are struck togeth 
gives rise to an alternating 
as “beats.” When the beats follow 
132 in a second they cease to be 
egy ee they a become a Just before they 
give a peculiar-disagreeable roughness 
sound. ‘The fds les by musical sounds 
on the absence of this incomplete fusion of i 
ding to entoptic phenomena 
entotic phenomena, sensations or modifications 


into the world outside us, and when the auditory nerve is 
affected we seck the cause in vibrations starting at a greater 





1 Of. Proyer, op. cit, and Acustische Untersuch., tbid., i, 4 (1879). 
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or less distance from us. We do not think of the sound as 
See eee 

jis mental projection of the sound is much more complete, 
when the ear is stimulated by vibrations reaching it through 
the membrana pani than when the vibrations are con- 
ducted by the soli ce mgs ret pu acaba eS Er 
the labyrinth. When the meatus externus is filled is 
and the vibrations of the membrana tympani are in con- 
sequence interfered with, the apparent outwardness of sounds 
is toa very large extent lost; sounds, however caused, seem 
under these circumstances to arise in the ear. Hence it would 
seem that our judgment of the objectiveness of sounds is 
largely dependent on coincident sensations derived in some 
way or other from the tympanum. 


_ When sounds impinge on the solids of the as when a wate: 
is held between the teeth, the membrana tympani is still functional. 
Vibrations are conveyed from the temporal bone to it; and hence 
pass in the usual way, in addition to those transmitted directly from 
the bone to the ph. 


sity produced by a Grits being held before him, first 
with the broad edge of the fork towards him and then with 
the narrow edge, and the difference caused by the removal of 
the tunii to a distance, We can on the whole better 
appreciate the distance of noises than of musical sounds. 
jar judgment of the direction of sounds is also very lim- 
ited. Our chief aid in this is the position in which we have 
to place the head in order that we may hear the sound to the 
best advantage, If a tuning-fork be held in the median ver- 
tical plane over the head, though it is easy to recognize it as 
being in the median plane, it becomes very difficult when the 
eyes are shut to aay what is its position in that plane, é ¢, 
whether it is more towards the front or back of the head, In 
this respect, too, our appreciation is more accurate in the case 
of noises than of musical sounds, with the exception of thase 
‘iven out by the human voice, the direction of which can be 
Faded boeiee than even that of a noise. 
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somewhere outside us. Wn. cout indes, of the position of the 
odor, however, even less definitely than we can of that of a 


The sensation takes some time to develop after the contact 
of the stimulus with the olfactory membrane, and may last 
very long. When the stimulus is repeated the sensation very 
soon dies ont; the sensory terminal organs speedily hecome 
exhausted. Mental associations cluster more strongly round 
sensations of ameli than round any other impressions we re- 
ceive from without. And reflex effects are very frequent, 

in consequence of the contact of a few 
their cells. 
the surface the more intense the 
acute scent having a proportionately 
large area of rer membrane. The qu quantity of material 
required to produce an sensation may be, as in the 
case of musk, almost immeasurably small. 

‘When two different odors are rad pre to the two nostrils, 

to that spoken of in bi- 


pe 
vail stnell after the Pea cts acre tha but. 
whieh he Parer) was ammonia, in no way a test of 


ERE ipespvies, cares to the conclusion 

of the olfactory ae 
smell disap} after sect! 

lory nerves. ona hand, Py primers 

of the fifth nerve tones ‘a. loss of amell though the olfic- 

ie nt emits aa but in these eases it has not heen shown 


olfactory membrane remains intact, and it i ite possibl 
thn, a i ca ofthe ge changes /arpmpeeeg in ap ie naa 


embrane to the fifth nerve, 
prevent its performing its usual eal esis . 


Sec. 3. Taste. 


oc a aaa ane 
rgans concerned in the sense of taste are 
Jocaloed ne thane membrane covering the dorsum of 
ths Eset, 150 faces, woh palate, and uvula, and possibly a 
| Bornard Ol., Syst. Nerve., li, p, 228, 
# Archives do'Sci, Phys. et Naty 1871, p. 200. 
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from their fungiform shape, being expanded at their free 
fe caer 6 and projecting on a short thick pedicle. They are 
et yy simple papille, and contain plexuses of vessels 


‘Serface amt Sectica of the Fungiform Papitle (from Koiliker, and after Todd and 
Bowman) A, the surface of @ fungilorm papilla, partially denuded of its epithelium, 
32; 4, epithelium; 8, section of a fusgiform papilla with the Dloodvessels injected : 
a, sitery; ©, vein; ¢, caplllacy Hoops of slmmpbe papille in the neighboring structure 
of the wegue. 


The papill: filiformes ( 
merous, and are found tl 


suggests that this variety 
i nee terse 
tion. In carnivora an 

horny stracture, and 

tion and prehension of food, In man their special function 
appears their intimate connection with the tactile 
sense, to guide the tongue in its variable and complicated 
movements, 

The ultimate terminations of the gustatory nerves are yet 
enveloped in obscurity. According to Engelmann, the glosso- 
pharyngeal nerves terminate in “shaped organs, which 
are termed the gustatory bulbs or taste buds, (Fig. 204.) 
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entirely absent.’ Tt ig said that acids are best appreciated by 
the edge of the tongue. 
Tt ix ewential for the development of taste, that the sub- 
stance to be tasted should be disolved; and the effect is in 
friction. The larger the surface the more intense 
the sensation. The sensation takes some time to develop, and 
endures for a long time, though this may be in fact due to the 
stimulus remaining in contact with the terminal organs, A 
temperature of about 40° is the one most favorable for the 
duction of the sensation. At temperatures much above or below 
basa maith pao genegagesl apstatioreal x areopee 
we said, 10880-| ¢ lingual or { 
The former cipplics of the Gus and section of it 
destroys taste in that regi. ‘The latter is distributed to the 
front of the tongue, section of it similarly deprives the 


tip of the tongue of taste. There is no reason for doubting 
that the tory fibres in the gloso-pharyngeal are proper 
fibres of that nerve ; but it bas been urged by many that the 
gustatory fibres of the lingual are derived from 


tympani, and that those fibres of the lingual which come from 
he fifth are employed exclusively in the sensations of touch 
and feeling. 


‘The arguments in favor of this latter view are as follows: Cases 
have been observed in which the fifth nerve has been destroyed in 
the cranium, and yet taste in the front of the tongue has not been 
Tost. Caves have been observed where the chonls tympani hay been 

i |, or injured in the tympanum, and where taste has been im- 

ired. It is asserted that when the lingual is divided above the 

junetion of the chorda, taste in front of the tongue is not lost, while 
it siearpetcs ates section of the united lingual and chorda. It is also 
stated that the sleeo-pharyngeal having beon divided, and taste in 
consequence confined to the front part of the tongue, subsequent 
section of the chorda within the tympanum has removed taste alto 
(id On the other hand, cases have been observed where the 
fth was alune distased and yet taste was lost (in front of the tongue); 
and it is moreover urged that while stimulation of the central end of 
4 divided, chorda gives rise to, no sensation of taste, stiumalation of 
an undivided chorda might give rise to such sensations by simply 
promoting a flow of saliva, and that division of the charda might 
affect taste by interfering with the normal flow of saliva. And even 
if the chorda contain gustatory fibres these might have their ulti- 
mate origin in the Gfth, coming from that nerve to the facial by the 
spheno-palatine ganglion and superficial petrosal nerve, 





= Of, Vintechgna, Piliger’s Archiv, xix (1879), p. 296, 
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hard or with a hot body gives rise to a distinct sensation, 
whereby we recognize that we have touched a hard or a hot 
body. “But the application of either body or of any other 
stimulus to « nerve-trunk gives rise to a sensation of general 
feeling only, corres ‘ing to the simple sensation of light 
which is produced by direct stimulation of the optic nerve. 
We have no more tactile perception of a body which is in con- 
tact with a nerve-trunk than we could have visual ie 
of any luminous object, the rays proceeding from which were 
strong enough to excite sensory impulses when directed on to 
the optic nerve instead of on to the retina, supposing such a 
thing to be possible. It is further characteristic of these or- 
dinary nerves of general feeling, that the sensations caused 
by any stimulation of them beyond « certain develop 
that state of consciousness which we are in the habit of speak- 
ing of as “pain.” Putting aside the general feeling which 
many parts of the eye possess, a very strong luminous stimu- 
lation of the retina is required to produce a sensation of 
pain, if indeed it can be at all brought about ; whereas a very 
moderate stimulation of the skin, and almost every stimula- 
tion of an ordinary nerve-trank, is said by us to be painful. 
‘Though the skin is the chief organ of touch, the mucous 
membrane lining the various passages of the body also serves 
as an instrument for the same sense, bat only for a short dis- 
tance from the respective orifices. We can recognize hard or 
hot bodies with our lips or mouth, but a hot liquid when it 
has reached the or stomach, simply gives rise to a 
sensation of pain, We cannot distinguish the sensation caused 
et from the sensation cased by « draught of a too acid 
i 


‘The stimuli which, when applied to the skin, give rise to 
tactile perceptions are of two kinds only: (1) mechanical, 
that is the contact of bodies with varying degrees of press 
ure; and (2) thermal, i ¢, the raising or lowering of the 
tem) ure of the ekin by the approach or contact of hot or 
cold bodies. We can judge of the weight and of the tem- 
perature of a body because we can, through touch, perceive 
Low much it preses when allowed to rest on our skin or how 
hot it is. But we can through touch derive no other percep- 
tions and form no other judgments. An electric shock sent 
through the skin will give rise to a sensation, but the sensa- 
tion is. an indefinite one, beeause the electric current acts not 
on the terminal organs of touch, but on the fine nerve- 
branches of the skin. We cannot distinguish the sensation 
so caused from a mechanical prick of similar intensity, we 
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surface of the fluid; and if the finger be drawn up and down, 
the sensation caused will be that of a ring moving along the 


rteof the skin are not equally sensitive to re; 
small differences of simple pressure are more readily bi 
ciated when brought to bear on the palmar surface of the 
finger, or on the head, than on the arm or on the sole of 
the foot. In making these determinations all muscular moye- 
ment should be avoided in order to eliminate the muscular 
sense, of which we shall speak presently; and the area stimu- 
lated should be as land the surfaces in contact as 
uniform as ible. In.a similar manner small consecutive 
‘variations of pressure, a8 in counting a pulse, are more readily 
Fie yy certain parts of the skin than by others; and 
the minimum of pressure which can be felt differs in different 
parts. In all cases variations of pressure are more easily 
distinguished when they are successive than when they are 
simultancous, 


Sensations of Temperature. 


When the temperature of the skin is raised or lowered in 
any spot we receive sensations of heat and cold respectively, 
and by these sensations of the temperature of our own skin 
we form judgments of the temperature of bodies in contact 
with it, Boal of exactly the same temperature as the region 
of the skin to which they are 1 alg produce no such ther- 
mal sensations, though we can, from the very absence of sen- 
sations, form a judgment as to their temperature; and good 
conductors of heat appear respectively hotter and colder than 
bad conductors raised to the same temperature. 


We may consider the skin as having at any given time and in any 
given spot a normal temperature at which the sensation of tem- 
erature is wt zero; for under ordinary cirvumstances we are nob 
Rireetly conscious of the temperature of our akin; itis only when 
the normal temperature at the spot is raised or lowered that we 
have a sensation of heat or cold res This nornal tem- 
erature may be at the same time diflerent in different parte of the 
jethus ata time when neither the forehead nor the hand are 
iving rise to sensation of temperature, we may, by putting the 
and to the head, frequently feel the former bot or cold because 
the normal temperatures of the two 3 differ, The normal teu- 
perature in any spot may also from time to time. ‘Thus when 
the hand is placed in a warm medium for some time, the sensation 
62 
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tinguish between hot and cold. Against this view it might be 
that nt ee epee argc ean! a 
tion which they demand ; and that there are facts which show a close 
d between the sensations of and temperature, 
Thnited area, the 
‘eber has pointed 


body, and a 
tenmper: xactly alike, when 
pepe 5 ee er edhe lerdal 
or was se a 
ion a eaaney ied a’ fue aE poesrore: ate 
both stimuli 


their di rs a8 specific 
tthe of Krause have also been regal 


See. 3. Tactite Pencertions Axp Jupamenns. 


When a eer on any spot of our ekin, or when the 
ie 


temperature skin at that spot is raised, we are not only 
conscious of ears or of heat, but perceive that a particular 
part of our body has been touched or heated. We refer the 
sensations to their place of origin, and we thus Be Sas per- 
ceive the relations to ourselves of the body which gives rise 
to the tactile sensations, in the same way as in our visual per- 
ception of external objects we refer to external nature the 
sensations originating in certain parts of the retina. When 
we are touched on the finger and on the back we refer the 
sensations to the finger and to the back respectively, and when 
we are touched at two places on the same finger at the same 
time we refer the seusations to two points of the finger. In 
this way we can localize our sensations, and are thus assisted 
in perceiving the space relations of objects with which we 
woth pomes of localizing pressu iT ies in differ 
CJ rzan ire-sensations varies in differ 
ent parts of the body. following table from Weber gives 
the soaring at which two points of a pair of compass must 
be held apart, so that when the two points are in contact with 
the skin the two consequent sensations can be localized «ith. 
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can tell by variations of pressure whether a surface is rough 
or smooth, plane or eaten what varintions of surface a body 
presents, and how far it is heavy or light; and from the infor- 
mation thus gained we build op judgments as to the form and 
nature of objects, judgments, however, which are most inti- 
mately bound up with visual judgments, the knowledge derived 
by one sense correcting and completing that obtained by the 
other. As in other senses so in this, our sensations ee 
lead us and cause us to form erroncous judgments. jis is 
well illustrated by the so-called experiment of Aristotle. It 
is impessible in an ordinary position of the fingers to bring 
the radial side of the middle finger and the ulnar side of the 
ring finger to bear at the same time on a smal] object such as 
a marble. Hence when with the er shut we cross one finger 
over the other, and place a marble between them so that it 
touches the radial side of the one and the ulnar side of the 
other, we recognize that the object is euch as could not under 
ordinary conditions be touched at the same time by these two 
portions of our skin, and therefore judge that we are touching 
not one but two marbles, 

Distinct tactile sensations are, as we have seen, produced 
only when a stimulus is applied to a terminal organ. When 
vensations or affections of general sensibility other than the 
distinet tactile sensations are developed in the termination of 
a nerve, we are able, though with leas exactitude, to refer the 
sensation to a particular part of the body. Thus when we are 
Recess or burnt, we can feel where the prick or burn is. 

Vhen a sensory nerve-trunk is stimulated, the sensation, is 
always referred to the peripheral terminations of the nerve, 
A blow on the ulnar nerve at the elbow is felt as a tingling in 
the little and ring fingers corresponding to the distribution of 
the nerve. Sensations started in the stump of an amputated 
limb are referred to the absent member. 

Stimulation of a nerve-trunk gives rise to general sensations 
aN ; no distinct tactile perceptions can thus be produced. 

cold is applied to the elbow it is felt as cold in the skin 


of the elbow; but. cooling of the ulnar nerve at this spot 
Snplya'vs rise to pain which is:referred to the ulnar side of 
the and arm. 


Src. 4. Tae Muscutarn Sexse. 


When we come into contact with external bodies we are 
conscious not only of the pressure exerted by the object on 
our skin, but alzo of the pressure which we exert on Une deer. 
Tf we place the hand pti arin flat on a table, we ean eines 








the im 
coincident loss of tactile semsuti 


system called 
is that, thor 


per- 


from cardi | on co-ordination, In 


ordinary tactile: 
lk with difficalty, because they have im- 
the condition of their muscles and of the 


without any impairment of touch; but 
nomena Of this class of malidies cannot be 


names of those who have contributed to ou 
val the flloning 
call for speci: 


; and to these, on the 
jons of Berkeley.* 


then 


ly, the researches of 
soumis mark an epoch in the history of the ® physiology of hearing. 


T Phil, Trams., 1801. 

2 Beobacht. u, Versuch. zur Physiol. d. Sinne, 1825, and other papers. 
* Numerous papers from 1846 onwards. 

{ Namerous papers and Handbuch der Physlol. Optik, 1807, 
‘Theory of Vision, 1709. 

* Phys. d. Gesichtainns, 1828, und Handb. der Physlol., 1825, 

1 De Aure, ote., 1820. ‘Wagner's Handworterbuch, Art. Tastsian. 
* Tonompiindungen, 1870, 
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tremities, which are termed the cornua, The anterior cornu 
is thicker, | and contains a much greater proportion of 
nerve-cells, It consists principally of very fine nerve-fibres, 


Transverse Section of Spinal Cord, theetigh the middle of the Lumbar Enlargement, 
bewing ca the right side the course of the Nerverreots,and on the left che position of 
posterior ect 

terior median Gawere > 


, bracts ef vesicular matter in posterior column: /, commit 
canal, surrotded by the gray commissure ; ¢, substantia gelatinom of Rolando. 


and three distinct columns of larger multipolar cells, These 
columns are best seen in the cervical and lumbar regions, 
and are frequently spoken of as the motor cells; and some of 
them as trophic cells. 

The posterior cornu is smaller and narrower than the an- 
terior; the cells, also, are of much smaller size. Near the 
posterior extremity of the cornu is an expanded gelatinous 
portion, which is termed the subsantia gelatinoea of Rolando 
(Fig. 205). At the anterior internal portion, near the central 
canal, is a column of small nerve-cells, which is called the 
posterior vesicular or Clarke's column. This column is most 
distinet in the dorsal region. The cella of the posterior cornua 
are sometimes spoken of as the sensory cells, 
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The commiseure (Fig. 206) consists of a band of gray and 
white fibrous matter, which serves.to connect the two sides 
of the cord. The anterior portion or white commissure is com- 
posed of a band of decussating white fibres, which for the 
most part extends between the anterior cornua and columns 
of the two sides. The commissure consists of an anterior 
and posterior transverse band of fibres, between which is a 
very fine nerve-fibre plexus, which are for the moat part de- 
rived from the cell processes, In the centre of the commizeure 


$10, 38, 


Median poreion of » Transverse Section of the Ypinal Cord of s Cl slx months old, 
from the lower part of the Cervical Region, treated with the doable Chioriife of Potae 
slur and Geld. Magoitied 59 ametees, ,, anterior columns; 8,4, posterior cof 
fumea, ¢, central canal; 4, line indicating the epithelium of the ceseral canil: ¢, 
‘connective tissen wurrousding the ceatra! canal; /, verve-fites plerss stound the ctateal 
causal; g, posterioe transverse Hbees of the gray Commiswure: &, anteribe traverse 
fibres of the gray commisnure ; £, decmanation of fibres in the anterior white commiaiere, 


is the central canal. ‘The wall of the canal is formed by a 
connective tissue and is lined by columnar epithelium. | Tt 
extends from the fourth ventricle of the brain to the filum 
terminale, 

The cord is thicker in the cervical and the lumbar and 
lower dorsal regions, at points corresponding to the origin of 
the brachial, and the lumbar and sacral plexuses. This en- 
largement is due, for the most part, to the increased proportion 
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of gray matter, The quantity of white matter progressively 
increases from below upwards, (See pp. 757 and 758.) 

The arrangement of the fibres of the spinal verves after 
they have entered the substance of the cord is of great 
physiological interest. Upon examining sections of the cord 
these fibres appear to have a ral horizontal, oblique, or 
longitudinal direction, The fibres of the posterior roots haye 
at cither an oblique or horizontal direction. They then 
assume different courses: some of them are lost sight of in the 

ray matter of the s Restarior cornua; others pass obliquely 
fombataa or upwards, through the posterior gray substance, 
and are finally traced to: anterior cornua or columns, 
where they assume a longitudinal direction, dither running 
up or down; others, yo éntering the posterior gray matter 
haye a longitudinal direction, running into the segments (p. 
757) above or below the point; others, seen upon transverse 
sections (Pig, 205) run towards the anterior cornu, or across 
the commissure to the lateral or posterior columns of the 
opposite side, The fibres of the auferior roots (Pig. 205) run 
posteriorly, nearly horizontally, until they reach the anterior 
cornu. ome of the fibres then appear to be continuous with 
the processes of the multipolar cells; others run to the lateral 
or to the anterior columns; others run to the posterior gray 
matter; and others, thi h the anterior white commissure, 
and are traced to the cells of the anterior cornu, or to the 
anterior or lateral columns. 
nervous elements of the spinal cord are bound to- 
gether by a modified connective tissue, called the newroglia, 
which serves also as o nidus for the ramifications of the 
bloodyeszels.] 


Sno. 1. As 4 Cexrrr or Reriex Action. 


We have already discussed (Book 1, Chapter TIE) the gen 
éral features of reflex action, so that we can now confine our 
selyes to special oe of particular interest. Since the frog 
and the mammal differ very markedly from each other in 
respect of their reflex spinal phenomena, it will be convenient 
to consider them separntely. 


In the Frog. 


The salient feature of the ordinary reflex actions of the 
frog ix their purposeful character, though every variety of 
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movement may be witnessed, from a simple to a most 
complex muscular mancuvre. The nature of any movement 
called forth is determined ; 


1. By the nature of the afferent impulses. aed oat he 4 
papel a yeoetiet by the direct stimulation of er 
fi evoke as reflex movements mere), ‘spaiams 
a few muscles; whereas cele complet di n 
sensory impulses ay stimulus 

Ceriaaal ce 


Hin 


actions, whereas the trunk of the nerve may 
even strong currents without producing anything 
irregular movements, 

In ordinary mechanical and chemical stimulation 
skin it is a series of impulses and not a single impul 


z 


méchan- 
ism may be looked upon as being thrown into activity through 
a neaicn of the Afferent impulses reaching it.* 

When a muscle is thrown into contraction in a reflex ac 
tion, the note which it gives forth does not vary with the 
stimulus, but ix constant, being the same as that given forth 
by a muscle thrown into contraction by the 
which we infer that-in a reflex action the afferent 
do not simply pass through the centre in the same way that 
they pass along afferent nerves, but are profoundly 
And this explains why a reflex action takes always a con- 
siderable time, and frequently a very long time, for its 
velopment, When the toes of a brainless frog are in 
dilute sulphuric acid, several seconds may i the 
fect are withdrawn, Making every allowance for the timo 
needed for the acid to develop sensory impulses in the peri 
eral endings of the afferent a very large ion of 


nerve, 
the period must be taken ap by the molecular xctions going 


1 Cf Stirling, Lodwig’s Arbeiten, 1874. 
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on in the nerve-cells. In other words, the interval between 
the advent at the central organ of afferent, and the exit from 
it of efferent impulses, is a busy time for the nerve-cells ot 
that organ; during it many processes of which at present we 
know little or nothing, are being carried on. 


Sra the intensity of the stimulus, We have already 
poi out (p. 158) while the effects of a weak stimulus 
applied to an afferent nerve are limited to a few, those of a 
pan bea may sprees to many efferent nerves. Grant- 
ing any particular afferent nerve is more particularly 
associated with certain efferent nerves than with any others, 


slight touch on any 


i 
part of the nage conyul f whole body ; 


that is to say, the nt impulses passing along any single 
afferent nerve may give rise to the discharge of efferent im- 
pulses along any or all of the efferent nerves, This proves 
hat & physiological if not an anatomical continuity ins 
between all the nerve-cells of the spinal cord which are con- 
cerned in reflex action, that the nerve-cells with their proc- 
cscs form a functionally continuous protoplasmic network. 
This network, however, is marked out into tract presenting 
greater or less resistance to the progress of the impulses into 
which afferent impulses, coming from this or that afferent 
nerve, are transformed on their advent at the network ; and 
accordingly the ea of any series of impulses in the network 
will be determined largely by the energy of the afferent 
impulses. And the action of strychnia is most easily ex- 
Bia by. auppesing that it reduces and equalizes the normal 
resistance of this network, so that even weak impulses travel 
over all its tracts with great ease. 


8. By the locality where the stimulus is applied, Pinching 
the folds of skin surrounding the anus of the frog produces 
different effects from those witnesied when the flank or toe is 
pinehed ; and, speaking generally, the stimulation of a par- 
ticular spot calls forth particular movements, From this we 
may infer that the protoplasmic network spoken of above is, 
80 to speak, mapped out into nervous mechanisms by the 
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reflex action being accompanied by consci 
the merely an 


& concomitant and 
ro ch if we admit an evola- 


inaemuch Ba tor beheviog the pomee 
to inasmuch as our reason for belis in 
Dora Hear ot a otodanas tity oecten es bead oe Galland? 
of the behavior of that being with our own behavior, we are 
led | from distinotly predicating consciousness except in the 
cases where an intelligence similar to our own is manifested. But 
the discussion of this subject woukd lead ns too far away from the 
object of the present book. 


Tt may be added that the movements evoked by even a 
segment of the cord may be purposeful in character; hence 
we must conclude that every segment of the protoplasmic net- 
work ix mapped out into mechanisms, 


4. By the condition of the cord. The action of strychnia, 
just alluded to, is an instance of an apparent augmentation of 
reflex action best explained by sypomming thee ie resistances 
in the cord are lessened.’ There are, probably, however, eases 
in which the explosive energy of the ‘nerve-colls is positively 
increased above the normal, Conversely, by various Influences 
of » depressing character, as by various anwsthetics, reflex 
action may be lessened or prevented; and this again ma: 
arise either from an increase of resistance, or from a dimit 
action of the nerve-cells themselves, In the mammal the 
condition of apniea is antagonistic, not only to the convulsions 
proceeding from the convulsive centre in the medulla, but 
also to reflex actions arising in any part of the cord, such as 
those produced by strychnia. 


Inhibition of Reflex Action—When the brain of a frog is 
removed reflex actions are developed toa much greater degree 
than in the entire animal. We ourselves are conscious of 
being able by an effort of the will to stop reflex movements, 
such for instance as are induced by tickling. There must, 
therefore, be in the brain some mechanism or other for pre- 
venting the normal development of the spinal reflex actions. 
And we learn by experiment that stimulation of certain parts 
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lated, in bp patie eval et 
pis tting a 
them, it will ise on ree 
these structures are still under 
that the time intervening kan thi 
the toc and the withdrawal of the foot is very much 
‘That is to say, dhe sGsanlaiiny Be i lve heme 
ed to descend to the cord, which hay 
the action of the nerve-cells en; 
greatly to retard the generation of, 
words, the stimulation of the oot lobes oe 
reflex action of the cord,* 


Tt is worthy of notice that the inhibi 
Erion “s above bears exclasively on ea 
‘e have no evidence that 


ot 


tol at eae 
er the retardation 
removed, the period of incubation raj 
if the quinine is cre 
from which t 


paste ede difference 
mania when prety instead of 

i 
eee die ie THhminengioabnatins AO @ fir die Reflex- 





a Nv 
scram 1865, Herzen, Exp. war los Contres modératnurs da *; 

I Wiandt, Mochanik der Nerven, ii (2876), p. 70. 

* Chapsron, Padgor's Archiv, li (1869), p. Bog 
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is one requiring further im ion, Pets 
Recent iments of fick! indicate that the inhibition of 
x action inine is due to « stimulation of the vagus nerve 
rf* concludes that in ¢ inhibitory action of one 
side of the brain ig exerted on the actions of the opp side 
of the body, the inhibitory impulses crossing in the medulla ob- 


Such an inhibit effect is, however, not confined to the 
optic lobes. Stimuli, if sufficiently strong, applied to any 
ry it nerve, will inhibit, ¢ ¢., will retard, or even wholly 
teat) reflex action. If the toes of one leg are dipped into 

jute sulphuri¢ acid at a time when the sciatic of the other 
leg is being powerfully stimulated with an interrupted current, 
the period of incubation will be found to be much prolonged, 
and in some eases the reflex withdrawal of the foot will not 
take place at all. And this holds good, not ey in the com- 
plete absence of the optic lobes and medulla oblongata, but 
also when only a portion of the spinal cord, sufficient to carry 
taf tha peliex emtion in the aoa ay, is left. There can be 
no question here of any specific inhibitory centres, such as 
have been supposed to exist in the optic lobes. We have 
already seen that the action of such nervous centres, automatic 
or reflex, a8 the respiratory and yaso-motor centres, may be 
either inhibited or augmented by afferent impulses. The 
micturition-centre in the mammal may be easily inhibited by 
impulses passing downward to the lumbar eord the brain, 
or w al the sciatic nerves. Goltz observed that in 
the case of the dog (see p. 521), micturition set up as a reflex 
act by simple pressure on the abdomen, or by sponging the 
anus, was at once eonret by sharply pinching the skin of the 
leg, And it isa matter of’ common experience that micturi- 
tion may be suddenly checked by an emotion or other cerebral 
event. The erection-centre in the lumbar cord is also suseep- 
tible of being inhibited by impulses reaching it from various 

And, though reflex mechanism of croaking 
ie lobes, and not to the spinal cord, this may 
ence to the inhibition of reflex action, since 





J, Joatnal of Physiology, 1860, p. 22] 
Da Bois-Roymond's Archiv, 1877, p. 95. 


Os 
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nerve, such as the sciatic, be powerfully stimulated at the 
same time, 

'Theee various facts clearly show that the Sipe! cord, and 
indeed the whole cerebral nervous Lh ici 
as an intricate mechanism in which direct ‘stim. 
ulation or automatic activity are modified and governed 
the cheeks of inhibitory influences; but we have as 
to learn before we can speak with certainty ak to 
manner in which inhibition is brought about. 
the ordinary actions of le the spinal cord is to 
tent a mere instrument of the cerebral ‘peaniepbecee 
readily oxpect that. regulative inhibitory impulses passing from 
the latter to the former would be of 


eal of an pris tie is so obvious in the brain- 
less frog. 


The inhivry ation of dhe cabal pry 
a he ra re hi a 
an) ina ir maa) on 
= re aes hs Hone lon hy fi 
A va 
‘abl whee ha eae 


of both optic 1 
lef intact. Tron this it mi 
hemi in here be cing Tet of the cerebral hemis 
furnished by eee of sight? Langley," on the ole 


Beenie tha 
awake, and henee, when a ira 
nerve, the spinal cord is more diffiealt to move 
it from other nerves. 
We may pat the whole phere ah 


1 Archiv f, Anat. u. Phys., 1877 (Phys Abth.), 

7 Of. v, Boettcher, “Usher Refexhemnmn; red Tae, AbbandL, 
li, % (1878); and bis critic, Spode, Archiv £ Anat. u, Phys., 1879 
(Phys. Abth.), p. 113. 

* Proc. Cambeiage 1 Philos. Sos., 1879. 


£ 





they may have no effect on each other 
pulse producing its effects quite independent 
have, moreover, seen that the various automatic 


maddie. OF aphooaiag ta His contral nervous sys- 


Tn the frog the shock which follows upon division of the 
spinal cord, and which for awhile inhibits reflex activity, soon 
passes away ; within» very short time after the medulla oblon- 
gata, for instance, has been divided, the most complicated 
reflex movements can be carried on by the spinal cord when 
the appropriate stimuli are applied. With the mammal the 
case is very different, Jor days even after division of the 

imal cord the parts of the body supplied by nerves springing 

the cord below the section, exhibit very feeble reactions 
only, In the dog, for instance, after division of the spinal 
cord in the lower dorsal region, the hind limbs hang flaccid 
and motionless, and pinching the hind foot evokes as a re- 
either sate irregular movements or none at all, In 

leed were our observations limited to this period we might 
infer that the reflex actions of the spinal cord in the mammal 
were, but feeble and insignificant, If, however, the animal be 
alive for a longer period, for weeks or better still for 
months, though no union or regeneration of the spinal cord 
takes place, reflex movements of a powerful, varied, and com- 
plex character manifest themselves in the hind limbs and 
inder parts of the body; a very feeble stimulus applied to 
the skin of these regions promptly gives rise to extensive and 
yet co-ordinate movements. Compared with the reflex actions 
of the frog, the moyements carried out by the lower portion of 
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the spinal cord of the mammal nelle (Sey Seen 
may Perhaps be led as leas definite and 


hiy but 
tout ' 
greater aprisn to activity 
Se a ee 
met lic changes an quent lar 
mobility of the whole neryous system of 
other fact worthy of attention is that the reflex 


mammals (dogs) vary very much both in different ‘nails 

and in the same individual under different circumstances. 
Race, age, and previous training seem to have a marked effect 
in determining the Miho exteat and character of the reflex actions 
which the lumbar cord is capable of carrying out; and these 
seem alan to be Ia: RR ial hp ee by circumstances, 


such as whether been recently taken or not. It is 
SScmralien opel cord preset = large held for agetey, Wag 
mammalian Veen bi’ re n 
ouch more ariel varied and extensive thi peat ar 
Jed us to suppese, 

Vicarions reflex movements may also be witnessed in mam- 
mals, though not perhaps to such i it extent aa in frogs. 
hs apart heed the elles eae 

tened the reflex excitability of ae 
remarkable le mate bins aan leg 
Gch ave called eee 
side of the body, mathoetiee eet bes 
ican the leg oi ie ile even Het re 
applied, prevented from 
ae ice of & truly purposeful el then it “Hs 
is very marked, and ‘the phenomena ufford a bsfetienw id 
} PHiiger's Archiv, viii (1874), p. 400; ix (1874), 
1 Rites ee eM eae Seri so. Pe, 
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to the “mechanical” explanation of the more complicated be- 
havior of the frog. 


to Owsjannikow,? if in the rabbit the spinal cord ie 
calamus seriptorius, a moderate stimulus. a) 

I foot canees movements in one or other or both hind law 
we nope in the fore and a stimulation of the fore foot causes 
movements in the fore but not in the hind legs; whereas if a zone 
of nervous tise only 6 ed in height be left above the calamnus. 

atinmlstion of either foot may produce a movement in 
aes Bovghes This would seem to show that the Greasy 
movements of the fore limbs with those of 
the hind Buta, nhich in the log are seatiored over the whale spa 
oes are in the mammal (rabbit) unhared into the medulla o| 

ic referred to above lies, sit ay be tee mathe near 
to thé a ive centre” (see p. 473), has ob- 
served that in the hel re stimulation with an et fed cur- 
rent of the Kets |, down Ah ‘gin of the sixth 


vo-ordi 
of the had, pe ae when the same aaah is fea 
e cord, a aren} tetanus results; this, too, Hetiates the 


neon in the cervical cord of peculiar co-ordinating mechanisms, 


Muscular movements, as parts of a reflex action, may occur 
on stimulation of not only the ordinary spinal and cranial 
sensory nerves, but also of the nerves of special sense, A 
sound or a flash of light readily produces « start, a bright 
light causes many pértons to sneeze, and reflex movements 
may even réslt from a na taata or smell. 


The Time required for Reflex Actions, 


bare perry one of our, ‘ts with a ine eloctrical 
both eyelid sbi 
the stimulation af the 
ert eare! 


fas the time required 


‘would remain ,0555 to .O4T1 see. 
for mee time consumed in nh central operations of the reflex act. 
'The calculations, however, necessary for this reduction, it need not 





+ Ladwig’ Arbeiten, 1874, p. 308. 
1 Thid., p. 99. 
* Pilager’s Archiv, viii (1874), p. 626. 
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a 
Becatetenicet 
“Tlie te eine fir any 

* very consider 


Trregular automatism, ¢, ¢., a spontantit 
own volition, is wholly absent from the § 
Tess frog placed in © condition of complete 
which no stimulus is brought to bear on it, 
tate | till it dies, 

Of the various 
ous ones in the medulla ies au * be Revers pln 
respiratory, etc,, and the more sparse ones regions of 
the cord, such as those connected with, pices ln (p, 521), 
defecation (p. 374), erection, parturition, and s0.0n, we have 
treated or shall have to treat so fully in reference to their 
respective mechanisms, and discussed bor far 
automatic, or in reality merely reflex in nature, 
more need be said here. 


The connection 
monts lhe lon 


relioun of of the 
per an end to the pulsations or the organs, the 
the anterior pair of 
that for the posterior pair tenga 
to Priestloy* sixth, vertebra. 


1 Monataboricht, d. Berlin. Acad., 1873, p. 104. See alsa Si 
boricht d. phys. wed, Ges. Kelangen, 1876, thd Wands, Mochanile 
Norven, oto., Abth.y ii (1876), 

® Milllor's Archiv, 1844, p. 419. 

2 Journal of Phys. (1878), pp 1 and 18 

Zh & mab Med, vii, p. 24, and Exp.-Phys. Nerv. System, 1806, 





LYMPH-WEARTS. 


the destruction of the 
Lier s awhile reamed a 


as 


the coceygeal nerve or 
too aroustegs to prove their independence of the spi 
Heidenhain’ arrived at a similar conclusion. 
itt ie red ed cunt rng seat ‘Tenis nyoele of as 
with current it a tetanic of the 
posterior bat stim lation, with a, stro anaes 
veut uae s bswieillig toca, er hres that 


the interrupted current applied to the epi centre 
ing of the lymph-hearts on 
esing on 


of the art 


according to circumstat Goltz* 

i vbearta’ tn might ike the blood ceeert be Tanita and 
ihe a diastolic standstill ina reflex manner, by striking sharply 
ee eel: intestines, and that they might also be similarl Tee 

ited by pinching the auricles Fi she blood-heart; the centre of’ 
feflex laRibition a eared to be in the el and the affe 
impulses to pass along the vagus. 
inhibitory impulses from the ining ti throngh 
antes. He found it after 


sex passing rgd the 
the intestine are or a tonic character, Si 

ae aan AA bots an ald transverse section of the optic thalamt 
joced & diastolic standstill of the lymph: ey 

whereal a fon of a transverse section of the spinal cord i 

inereased their activity; that the inhibitory centres of Setschenow 

in fact govern also the Iymph-hearts. 


Tt has been maintained that the spinal cord exercises over 
the skeletal muscles a tonic action comparable to that of the 
yaso-motor centres over the emooth muscles of the arteries. 





Y OBL f. Med. Wiss., 1863, p. 497. + Stud. Breal. Tast., if, 
juisitiones de nervis organisque centralibus cordis cordiumere, 
‘Eckhard, loc. cit. Waldeyer, loc. cit. * Op. cit. 
£. Mod. Wiss., 1868, pp. 17 and 47; 1864, p. 600. 
, 1867, p. 888° Zt. frat, Med., 81 (1888), p. 224, 
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There is, however, no 


yest side no 
the effect of the continually rey contractions 
side, And the view is distinctly disproved oy 
accordi} So sek OR ers We a ee ving | 
nerve going to a muscle aah esas) 3) 
the fale caused. After the sciatic plexus of one 
a brainless frog has been cut, that leg hangs down oop a 
lessly than the other when the animal is 


reflex nature, eee 
started in the nerves of the tendon of the 
to. certain 


raraide the contraction of 
a reflex started 
afferent impulses passing along the sume perves. 


Sno. 8. As 4 Conpucror or Arrrrenr Ayp Errenesr 
Iurvises, 


When we moye our foot, or feel something touching our 
foot, efferent or afferent impulses must rides past along 





' Archiv f, Anat. u. Phys., 1879 (Phys. Abth.), p. 7B. 
1 Archiy £ Payoh, vill (1878), pi i ut 
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the whole | of the spinal cord on their way from and to 
Cee brain. We might su; ae that - ee sept eee 
pulses are conv: straight along a fibre from the periphery 
to the sensorium, and volitional impulses straight along a 
fibre from the “organ of the will” to the muscular fibre. Or 
we might suppose that the conduction is not simple, but car- 
ried out by a more or less complicated system of relays, Both 
anatomical and physiological considerations show that the Int- 
ter view is the correct one, 

The phenomena of reflex action have shown us that the 
cord contains a number of more or leas complicated mech- 
anisms capable of producing, as. reflex results, co-ordinated _ 
0 similar to those which are called forth 
must’ be an. economy to the. body, that 
use of these mechanisms already present, 
by acting directly on their centres, rather than that it should 
have recourse to a special apparatus of its own of a similar 
kind. And from an anatomical point of view, it is clear that 
the white matter of the upper cervical cord does not contain 
‘a sufficient number of fibres, even of attenuated dimensions, 
to connect the brain, by afferent or efferent ties, with every 
sensory or motor nerve-cnding of the trunk and limbs, 


wovercats 
by the will. Now it 
the will should make 


Regarded ina genetic aspect, the spinal con] is a series of ecmented 
segments, having mutual relations ope with the other, and all being 
governed ordlis doosinant cerebral segmonts. And we might fairly 
expect to find that in cack segment of the cord part of the struct 
urs are purely segmental, and serve as-a-nervous centre for the 
afferent and efferent nerves corresponding to a portion of the bedy, 
while part are commissural structures connccting the segment with 
Limes, pani and the remainder are structures eonnesting the 
gov segment with the goyerning cerebral organs, such 
arrangement as this is indicated by the directions taken by the fibres 
of the roots of the spinal nerve; and the view is supported by the 

gained by comparing sections of the spinal cord taken at dif- 
ferent points of its length. If « curve be constrocted representing, 
the, sectional area of the nerresroois entering the spinal cond, at! = 
their respective points, along its whole length from the first cervical 
to the last sacral nerve, some such form as that shown in Fig. 207 
would be obtained. If instead of the sectional area of each pair of 
roots the continued summation of the roots were used to construct. 
the curve, the form would be that of Fig. 208 If the variations of 
the sectional area of the gray matter at different points of ita length 
were thrown into a curve, the form would be that of Fig. 209. If 
the vanations of the sectional area of the lateral columns were taken, 
the curve would take the form of Fig. 210. The anterior columns 
similarly treated would give Fig. 211, and the posterior Fig, 212. 
A comparison of these several figures suggests the view that the 

ot 
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gray matter of the cord is pre-eminently segmental, falling and rising 
as it does with the amount of nerve-fibre passing into cach part of 
the ord, and that the lateral columns, increasing ax they do from 
below upward, much more steadily than either the gray matter or 
the anterior and posterior colunins, are. the- chief means by which 
the brain is brought into connection with the several segments of 
the cord, and thus with the nerves of the body at large. 


Fro, 20. 
® 


. 


‘Diagram showing the relative Sectional Areas of the Spinal Nerves, as they join the 
Spinal Cord. (To be read from Veft oo right.) 


In thie and the aueceeding figures whes fren Worsschilots paper bx Ludwig's 
Arbeites, U74, and coantructed from Suilliog’s data of the humen spleal cond, the 
cervical, dorsal, lembor, and sacral nerves are weed as ebschesae: Dam. to the facerval 
between each two oerve-roecs. “The ordinates ane in millimeters, cach tem. correspond 
fing #0 a square unit of aurfice of nervercot fectitn, of gray snbataace, ox of white 
substance. 


Fic, 308, 


wad XR OV NGS 


Diagram showing the Usited Sectlenal Areas of the Splual Nerves, prococding fem 
below upwards. The cedinates in this figure are smaller than In the preceding. 


Fr. 0, 


Digrom showing the Variations in Ube Sectiofial Arca of the Gray Matter ef the 
Spinal Cord, along its hemgeh, 
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Fra. 210. 


eo tet 
VOGT TUNG TT MER Me TT mT 


Diagram showing the Variations In the Sectional Area of the Laseral Columns of 
the Spinal Cord, along its length. 


Fro, 21h, 


YOGULY NES) MRX KM MT 


Diagram showing the Variations in the Sectional Area of the Anterior Colamm of 
the Spinal Cont, along ita tength, 


Fro. 213, 


TVET Vie TT We KWAY AT My eT 


Diagram showing the Variations in the Secttona! Area of the Pestecior Colurnes of 
the Spinal Cord, along Its tengeh. 


Our information concerning the conduction of impulres 
along the spinal cord is derived partly from experiment and 
fy from npathobeial observation, Both these methods 

ve their advantages and disadvantages. In experiments 
there is danger of confounding the immediate and temporary 
effects of the operation, sich as those produced by shock, 
with the more real and lasting effects. It ix difficult, too, in 
such Gases to determine the existence of sensations, and to 
distinguish between reflex and purely voluntary movements. 
In pathological casos we have the advantage of being able 
clearly to define sensation and volition, but this is frequently 
more than counterbalanced by the diffuse nature of the injury 
or disease, and the want of exact anatomical verification. 
When these facts are borne in mind, it will easily be under- 
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stood that in no part of physiology are the statements of 
investigators more conflicting and unsatisfactory. 

ing to the views put forward by Brown-Séquard and 
others, transverse division of the lateral half of the cord is 


‘Diagram showing the course of the Motor and Sensory Fibres in the Spinal Coed and 
Medulla ORdorgass. ¢, ganglion on the posterior toet; fr; posterior rest; air, amnion 
noon: f, left cide, righé side: wed, medulla oblongata: 1, 2, 8, bedicate she alteration 
Im the pesitien of the motor conductor fibres: Iya fibxe coming frem the centres above 
the pous Varelii; 2, point of cromsing and decussating, is the pont Varelil or medals 


inns, and 
in 
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conduction of distinct tactile sensations and that of general 
sensibility, as well as between the conduction of volitional im- 
pulses and that of impulses merely forming part of a reflex 
action. They hold that pay yolitional impulses pass exclu- 
sively along the antero-] i 

sensations along 


teral columns, and purely tactile 
the posterior columns of the same side, and 

that the gray matter is capable of transmitting én all directions 
such afferent impulses as only give rise to affections of ral 
sensibility, and such efferent impulses as are parts of reflex 
actions. Hence, according to them, when at any part of the 
cord the continuity of the white matter is wholly broken, 20 
that the parts above the injury are connected with those below 
by gray matter only, tactile sensations and voluntary move- 
ments are entirely absent in the parts below the injury, though 
violent. stimulation of those parts wil give rise to pain, and 
refiex actions in them may induced by stimuli applied to 
parts above the injury. smivorsety, when at any point the 
gray mutter is destroyed but the white left intact, voluntary 
moyements and tactile sensations remain in the parts below 
the injury, though even violent stimuli applied to those parts 
‘ive rise to no pain, and reflex actions cannot be induced in 
em by stimuli applied to the parts above the seat of injury. 


Schiff? states that when in any part of the cord the pesterior 

i ooly are left, all the rest of the white and the gray matter 
being removed, tactile sensations remain though no pain is felt; 
there is analgesia but not anmwsthesia; a rabbit thus operated on. is 
readily awakened fur a moment from sleep (artificially induced by 
bleeding) when the hind limis, or parts below the seat of injury, are 
even lightly touched, but exhibits no sign of pain when the nerves 





' Syat, Norv,, leq. xvil. + Lahr, p. 251. 
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are laid bare and pinched, or when needles are 
skin. ao ene however, on which 


of anal los not prove the 
sing, emhien peculiar condition 
cee Deidacts a pokiawl 


i 


uerve, 

the matter, whatever they 
condition is certainly a 
tations, 


F 


To make these views logically complete, we 
that after section of a lateral half of the cord i 
tions and yoluntury moyements would be. 

Be ity and Un parts mold al To pagal faing 
it, aan wou! le ol 
yeep el cp 


into movements 


a 
af 


: 
is 


Such are the two chief opinions held We subject, and it must 
be confessed that either ‘ atixtactory. rsh oasteae ba 

ably arisen from different kinds of animals being used, 

parts of the cord operated on, and from the want of 

seni gece of Gl 

and Woraschilof, 


horve ae travelling up *y Be 
ly by the literal columns 


F i 
ie 


a rise 
clasivel 
divided. 
eran 


Hitt 


il 
i 


of the columns than thoss 
ay bib water a Prva Lemme te 
ind, the result of Pinta dodiee pote ps 
mercury, as measarements of the rise of c 
a swore of others, in which trast has to be is 
Ppgithpsin thd seergind On the. other hand, it 
erties the afferent impulses which affect. the vaso-motor 
might be quite different from that of the afferent impulses 


+ Ladwig's Arbeiton, 1870, p. 172. 7 Ibid., 1874, p. 98. 
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rise to sensations. Woroschiloff, however, has repeated Mieseher's 
7m i igns of sensation instead of blood- 
lusion that both the afferent im- 


The results of both these inqui 
leed to the, pacino tliat inthe formal spinal eanhor 


pee the ah 
iret cee me 
homens i ing, 
cally continuons, a stimulus cient 
impulses to travel in every direction along its whole 
second place, this protoplasmic network is marked out by barriers of 
resistanee into nervous mechanisms for the carrying out of oo-ordi- 
mated am movements and for the association of afferent im- 
polses with these movements. If we suppose, e have already 
urged, that volition makes use of these already existing mechanisms 
instead. of requiring separate co-ordinating mechanisms in many r= 
y like them, we should expect to find that « volitional 
x towands any movement, in. descending from. the 
brain, passes into the gray matter of the cord, at the spot where the 
spuraponia mechanisi exists, before it emerges in the anterior root; 
eons , that an afferent impulse passes first into the mech- 
anism with which it is naturally associated for the production of the 
ocourring reflex action, before it travels up to the brain 
by some tract mofe direct than the gray matter. And we should 
look also for similar arrangements connecting any group of nerves, 
not. only with the brain, bat with distant parts of the cord. In har- 
mony with these functional requirements we should be prepared to 
find that the entrance of any large group of neryes into the spinal 
cord was amociated with a large development of gray matter for the 
local co-ordinating mechanisms, and with a corresponding increase 
of certain parts of the white matter, whose function was to bring 
these mechanisms into connection with both the afferent and efferent 
nerves: on the other hand, we should expect to find that the longi- 
tudinal connecting tracts of white matter would steadily increase 
from below upwards, inasmuch as a larger and larger number of 





in th 
a oct | 
‘Tiirek and 


Tene Mi hot sae 
to int volunt im] 
sprint the ra tera es scons with ther dna 
propagation, and that y chictiy al ir OWRD 5 bus 
Pe van’ abs PecERy tmagioe Wat-\o hens ordinary (tracts Wars 
in 


ctr yi, at Moral re a tele white matter, ee im- 
tant ‘not of ‘rlitional impae, the bands of 


almost unlimited range) 
matter, Sach errant 
ey ed the conseious cen- 
as the diffused sensations 
said that the gray matter 

n 


pai 
Moreover, we must bear in mind that the barriers of resistance 
in the of the gray toatter are not wholly, even if | qi 
structural. ‘¢ have seen that the whole cord may be inhibited in 
reference to reflex sction. This total inhibition is probably made 
up of individual inhibitions; and, in studying the eflects of seetion 
of injury of the spinal cord we must bear in mind that the change 
fued Tp the oberation ‘moot probably affects tho transmiiaon OF 
impulses, not only negatively by breaking down accustomed tracts, 
but aleo positively by altering the action of inhibitory impulses. 
We have, in all probability, an instance of this in the remarkable 
esi, Which is a constant effect of a Intern] section of the 
cord. Since it, appears immediately after the operation, it cannot 
be due to avy inflammatory process, Nor can it be explained as 
simply the result of the increased supply of blood to the peripheral 
terminations of the sensory nerves, caused by the section involving 
vaso-motor tracts; since the simple section of a ¥vaso-motor tract, 
as when the cervical sympathetic is divided, does not give rise to 
hyperesthesia, Nor can we explain it ax due to a one-sided hyper- 
wamia of the spinal cord itself, for we have no evidence that such 
«state of things is Leica about. Since it lasts for a very con- 
siderable time, it cannot be duc to any passing exciting effect of the 
operation. In the frog, after hemisection of the cord below the 
brachial plexus, this hyperesthesia is manifested by increased re 
movements cccarring in the lower limbs as well as in the upper 
when the lower limbs are stimulated ; and when the hemisection is 
converted into a complete section a hyperwsthesia still remains in 
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the anterior columns were isolated for some way down and 
stimulated with an electric current. With regard to the gra 
mutter Van Deen and Schiff maintain that, though 
convey both motor and sensory impulses, it cannot o1 

them. They speak of it accordingly as Ainesodic and eathesodio, 
as simply affording paths for motor and sensory impulses, 
But their arguments cannot be regarded a3 conclusive, an: 
Micacher’ found that when after division of the spinal cord 
he removed the posterior columns for a certain distance, 80 25 
to get rid of all afferent nerve-fibres, the exposed gray matter, 
as tested by the effects on blood-pressure, still remained sensi- 
tivé expecially to meehanical stimulation. 





2 Op. cit. 
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are continuous with the posterior columns of the cord; they 
diverge as they ascend and form the inferior peduncles of the 
cerebellum, (Fig. 218) The posterior pyramids are small 
narrow cords (fasciculi gratis) 


which are situated one on 


View of the Anterior Sisfuce'of the Pons Varolil and Medulla Oblongata. 
4, averior pyramids; Sythele decumation ; ¢6¢, ollvary bodies ; 4, restlform bodies ; 
¢, misiborm Gores: /, fittees devcrited by Solly as passing ftom the anterior column of 
the cord to the cerebellum ; ¢, anterior column of the spinal cord; 4, lateral column; 
‘Py pens Warolil ; é, ies upper fibres ; 5, 5, roots of the fifth pair of nerves. 

Fis. 215,—View of the Posterior Sarfsce of the Pons Varlli, Corpora Quadrigemina, 
nixd Medalla Oblorgata. ‘The pedancles of the cerebellum are cut short at the kde. 
@ 4, the upper pals of corpora quadrigemina ; 4 4, the lower; //, superior peduncles of 
‘the cerebailum: ¢, emlognce connected with che nucleus of the hypoglessal nerve: 
that of the glossopharyngeal nerve; /, that of the vagus nerve; od, restiform bodies; 
#2, posterior pyramids ; vx, groove in the middle of the fourth ventricle, ending below 
bn the calammus acriptoriue : 7 7, rote of the auditory nerves. 


each side of the posterior median fissure, and separated from 

the restiform bodies by slight grooves. "These bodies also di- 

verge with’ the restiform bodies, and become blended with 
bern. 

The fibres of the anterior pyramids are distributed to the 
cerebram and cerebellum. Of the cerebral fibres, some pass 
diregtly through the pons Varolii; others join fibres from the 
olivary body to form the olivary fasciculus, The cerebellar 
fibres pass beneath the olivary body and are distributed to the 
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cerebellum. The fibres of the lateral tracts ran in three di- 
rections, The internal form the greater portion of the decus 
eating bands and a part of the anterior pyramids. The middle 
ascend in the floor of the fourth ventricle and join with fibres 


Shows the Unuler Surface o¢ Base of the Encephuon foeed trom its Membranes. a, 22 
terlor; i, middle; and.c, posterior lobe of cerebritn. 9, the fore part of ehe great low 
gituifinal fissure ; &, notch between hemispheres of the cerebeliam ; ¢, optic obemtalanuire : 
d, left pedunche of carcbrem: ¢, posterior perforated space! ¢ to 7, Interpedimeidtar 
space; //", comvotution of Sylvian fisware ; 4, termination of gyrus unchuatia bebine the 
Sylvian fianure ; 7, infinditelem ; ¢, right middle crus cr peduncle of Cerebeliam ¢ #m mt, 
hemispheres of cerebellum j albicantia ¢ ¢, poes Varolil, cantinmous st each 


tudinal fissere. I 10 9 indicate the several pairs of cerebuat merves, numbered seconting 
to the minal eottion, vit: 1, olffctory werve ; 2, optics 3, motor nerve of eye; &y ke 
thetic; 6, trifsetal; 6, abducent perve of eye; 7, auditory, aad 1, facial; 8, hows 
pharyngeal : ®, vagus, and 8, spleal accessory nerve. 


of the restiform bodies and posterior pyramids to form the 
Sasciculi teretes, which are located one on each side of the me- 
dian fissure. The external fibres join with the fibres of the 
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restiform bodies, and to the cerebellum. The restiform 
bodies receive fibres from both the anterior and lateral. col- 
umns, and after entering the divide into two portions: 
the inner joins the fibres of the posterior pyramids and are 
traced in the fasciculi teretes; the outer They are distributed 
te Li cerebellum and che its inferior 2 opr The Shows 
the posterior pyramids are continued up to the cerebrum 
re mene tes teretes or to the cerebellum, rite outer 
res i¢ restiform bodies and: posterior pyramids diverge 
as they aseend in the roedalls ig- 215), and form the pe 

tero-lateral Boar oat of HW whicl 
cath a 


me called 
ee to the ey tee wit 


medulla the substance is 

| cord. perce ching upwards 

becomes mixed with white 

mre is exposed in the floor of the 

fourth ventricle; the posterior Gornua become expanded and 
form the tubereulo cinero ‘of Rolando, which appear at the sur- 
face of the medulla ob! between the lateral tracts and 
ett lege Beneath the floor of the Us ge oe a 
number of fs gi matter, with which are 
connected the roots o! origin oral the cranial nerves, with 
the exception of the optic and olfactory. On each side of 
the median fissure is a longitudinal eminence, the fasciculus 
of the floor are a number of trans- 

7 these are fibres of the audi- 
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‘The enura corebri (Fig. 216) are two bands of white fibrous 
matter, which extend from the pons Varolii to the under sur- 
face of each cerebral hemisphere, where they run to the cor- 
pora striata and optic. thalami, or directly to the cerebral cor- 
tex. In the interior of each band is a gray body, called the 
locus niger, whidh separates the fibres of each crus into two 
layers; the superficial or anterior layer is called the erusta, 
and is compésed of fibres coming from the anterior columns, 
and anterior portion of the’ columns, and of fibres from. 
the posterior columns which decussnted at the anterior pyra- 
mids; the deep or posterior layer is called the tegmentiun, and 
ix composed of fibres from the lateral tracts, posterior columns 
and olivary fascieuli, and from the cerebellum. The fibres of 
ae sn epee 14 to eget the cerebrum ie 

hrough or beside four siinglia, Sorpora striata and 
tic thalami (Fig. 217). eare called the “basal ganglia.” 

=a oboe eh Sotib oepaciarietc i 

a wl The ie 
interior aa poe: i ‘Sakai: their external sur- 
i section « striated 


yhite " 

face ix gray, and they pr tin w transverse 

ran peietenip sete a ert of yray and 
white satatlines: ‘ganglia ix Saremtteeet iy of two 
nuclei; the largest is the ‘or extrayentricular nucleus; 
the smaller is the ‘Or intraventricular nucleus (Fig. 
220). Running uy: between the lenticular nucleus and 
the optic th ppeblagl see the lenticular nucleus and 


caudate nucleus of white matter which is 
called the infernal ternal to the lenticular nucleus 
is a second band the arlernal capenle. The optie thalari 
are two oblong bodies situated posterior and internal to the 
corpora striata; each resting upon and embracing the corre- 
sponding crus cerebri. Externally they ure composed of white 
matter, and internally of both white and gray matter. 

‘The anterior fibres or crusta of the crus cerebri ran to the 
corpus striatum of its own side; the posterior fibres or oe 
tum run tothe optic thalamus. Of these fibres some probabl 
terminate in the ganglia, while others are continued on to dif 
ferent parts of the cerebral cortex, either through the basal 

lia or the capsules above referred to. 
corpora quadrigemina or optic lobes (Figs. 215, 217) 
are situated below the posterior border of the corpus callosum 
and above the aqueduct of Sylvius. These bodies are four in 
number, and are placed in pairs; the anterior pair, which is 
the largest, is called the nutes; the posterior pair is called the 
testes. They both consist.of gray and white matter, and are 
Ld 
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connected on each side with the Aged thalami and optic tracts 
by bands of nervous matter called braekia, "These connecting 
the nates with the thalamus are called the anterior brachia ; 
those connecting the testes, the posterior brachia. The corpora 
quadrigemina receive fibres from the cerebellum through the 
processus ad testes, from the olivary fasciculi and the optic 
tracts and third nerves. 

‘The corpora geniculate are two small bodies situated on each 
side, external to the corpora: quadrigeming, and beneath and 
posterior to the optic thalamus, are called from their 


Fro. 318, 


View of Ceeebeitum in Section and ef Fourth Vestridle, with the ecighboring part 
(from Sarrny). 

1, median groove of fourth vertricte, eading Selow iw the coleman scrifterine, with 
the loxgitodinal eminences feemed by che Sawieuil leretes, one on cach side; 2, the 
same groove, at the place where the white streaks of the auditory nerve emerge from it 
10 cross the floce off the wentricle; 3, inferior pedencie of the cerebellum, formed ly the 
restiform body ; 4, posterior pyramid: above this is the calamus seripecrins ; 8, xupertor 
poluncle of cerchelhum, ¢¢ processus e cerebelle ad testes; €¢, fillet to tbe side of the 
crura ¢erebri; 7 7, literal grooves of the crura cerebri; §, corpora quadiigemiua.— 
After Hemsturaco and Leveros, 


situations the internal and external, The internal and testes, 
and the external and nates, are jointly connected with the 
optic traets. 

The cerebellem (Fig. 218) or lesser brain rests in the inferior 
occipital foes. It consists of two Interal hemispheres, which 
are Toined together by « central lobe, the vermiform processes. 
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The hemispheres are also connected with each other by the 
transverse commissural band of the pons Varolii. This 

is called the middle peduncle. The cerebellum is connected to 
the cerebrum by the processus ¢ cerebello ad textes, which are 
ealled the superior peduncles (Fig. 218), and below with the 
medulla oblongata by the iujerior peduneles. The cerebellum 
is composed of both white and y matter, and if a vertical 
section be made through the middla af one of the hemispheres 
in. an. antero-posterior direction, the interior will be seen to 
consist of white matter, in which is imbedded a gray mass 
called the corpus dentatum. The surface of the white central 
matter is covered by a number of projecting lamina, each of 
which has secondary or tertiary lamimm projecting from it. 
‘The laminw consist of a central white matter which is covered 
with gray matter, and on gcoount of the peculiar foliated 
appearance whieh they présent in“a transyerse section have 
been called arbor vite. 

‘The cerebrum constitutés)the great mass of the brain sub- 
stance. It is partially divided into two hemispheres by the 
longitudinal fiastre,whieh divides it completely anteriorly and 

ly #o.in the median line, where the 
‘a broad transverge commissural band 


hemispheres i ked by ded 
i mari roum 
Lestat ate separated from each other by 
called sue The conyolutions are very complicated 
and tortuous in their conrae, but they possess suflicient indi- 
viduality in their 0 to enable them to be differen- 
tiated and named. hemisphere is divided into five lobes: 
the frontal, parietal, occipital and central lobe, 
or island of Reil. fissure of Sylvius in running from the 
under surface of the brain passes upwards and backwards and 
divides into two branches, the superior and longitudinal. 
Anterior to the fissure is situated the frontal lobe; the parietal 
lobe is separated from the frontal lobe by the fissure of Rolando, 
and from the spheno-temporal, which is below it, by the longi- 
tudinal branch of the fissure of Sylvius; behind both of these 
is the vevipital lobe, The central lobe, or island of Reil, lies 
within the fissure of Sylvius. Each of these lobes consists of 
a number of recognized convolutions.. The first convolution 
is called the superior or first frontal (Fig. 219, 3), and lies 
along the margin of the great longitudinal fissure; the inferior 
or third frontal convolution (1) is situated just above the 
fissure of Sylvius, and curves around the superior branch of 
the fissure; the middle or second frontal (2) is situated between 
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these two, from which it is separated by the superior and 
inferior frontal fissures. The anterior central (4) is separated 
from the posterior central (5) by the fissure of Rolando; it 
communicates with the first and third frontal convolutions. 
‘The posterior central (5) is continuous above with the apper 

rietal (B) convolution, Thesupra-marginal convolution (A) 
ies below the upper parictal and back of the posterior central, 
Tt curves around the extremity of the longitudinal branch of 
the fissure of Sylviug, and then running downwards and for- 
wards forms the superior or first spheno-temporal (7). This 
convolution then curves backwards and forms the middle or 


1, the inferioe er third frossal comveluticn ; 2, middle or second frontal; 3, superior or 
first fronts}: 4, anterior central ; 8, posterior central: 4, supre-marginal » Bi, a, eapetior 
parietal: f, 8, aagokar convolesien : 7, superior of fine sphero-tempond: 6, eikdile er 
secund spheno-temporal: 9, inferior ee thin! spheoo-temperal ; 1, 11, 12, cexipliad eam 
velutions ; R, fissure of Rolando ; 5, fiswure of Sylvins. 


second pheno-temporal (8), then Srp on Peden forms an 


ular curvature, and is called the angular or posterior 
Heal convolution (8, 6). Below the middle splatictatsieeal 
is the inferior or third spheno-temporal (9); this forme the 
lower border of the spheno-temporal lobe. The occipital con- 
volutions (10, 11, 12) are not well exhibited in a lateral view, 
A very important convolution, the gyrus fornicatus, curves 
around the upper part of the corpus callosum, This conyo- 
lution commences in front of the anterior perforated space, 
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curves around over the corpus callosum, and then winding 

around downwards and forwards embracing the crus, passes 

forwards as the gyrus wneinatus, and at its anterior aspect 

becomes sharply curved to form the subieulum bist civ 
The cerebrum is com, of both white and gray 

‘The latter ig found for the most part a3 constitutin, he haa 

of the , where it covers the ares 

in the sulci... It is about two or three mm. in thi 

consists of a number of wile 

very fine nerve-fibres, are ii 

the'neuroglia. . ‘These cells are of rounded a ea 

pal in the middle layers are of a pyramidal shape, with their 

erally looking towards the centre of the organ. The 

— as are extremely fine, and according to o Kolliker 

measure from abdnt one-to two ninim.in diameter, The pro- 

eget ikas aerr are probably continuous with the axis- 

cylindersyof Bastar which run to the 

central parts of rays brain jor with 


‘fluid, which is bounded laterall ly by the 

the-yelam interpositam, whieh 4 isa 
jarda.of the pia mater through a trans- 
ue border of the corpus callogam. 
matter which closes the inter- 
it is nee a a posterior 
» which: is 

the 


217. 
orth ia mer is ala above by the corpus callo- 
sum; internally by the septum lucidum, which ee it 
from its fellow on psnepsiis side; below, principally by the 


corpus striatum, optic lamus, and a band of white nervous 
matter, the fornix, which is continuous posteriorly with the 
aes callosum, Extending outwards from each Isteral ven- 
horn-shaped cavities or cornua. The anterior extends 
outwards, curving round the corpus striatum and running into 
the frontal lobe. The middle extends into the spheno-tem- 
poral lobe, passing behind the optic thalamus, then curving 
around the crus cerebri, and running deep into the lobe, In 
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Sea 08 tile nomena are ee yt 
notice: the hippocampus major, ippocampi, 
aceessorius, (Fig. 217.) Pithe hove Seicistaintan 


eS 


“i 


CCH, cortex of the cerebral hemispheres, the couvotstiods of which mre seen to be 
comnected by arcuate connectity fibres; Ch, ccetex of cerebellem; CR, corona radiata, 
consisting of fibres exterdiog from the convex cerebrt to Lend CH, the lenticatar ard 
‘caudate mackei of the corpes striatum, and to O7, the optic thilanres. The pasteriar 


Of. Tr. are placed ona band of fibres that see believed to hun directly fem the conten: 
cerebel 10 the cortex cérebelli; SC, trix comes, or tenia semicircalarie: KN, red 
nucleus of tegmentum; N, nates ; 7, teatie; , pineal gland ¢ 6, Sees passing direesiy 
Kote the pegmenture from the cortex ceretirl: a C, she bard of fibres to She right of these 
letters are part of the superiar pednacke of the cerbeitaim, 


gated et white ee a courses the floor Peihen 
ventricle, ending in an irregular enlarged extremity, 
hippocampi. This body is continuous with the gyrus inten 
tus, and is carved upon itself, 50 that the white matter is ex- 
ternal. The pes necessorius or eminentia tS 

217) is hp Lee situated beoieta. tie i 

major and the hippocampus minor sf 

The posterior cornu camel downwards and 
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pre lobe. On its floor is an eminence called the hip- 
minor. Many other parts of interest are referred 
Siem shown in the xeeo 


of the corpus 
mn to ibe th ob 0). "To the optic 
pl Sant Sagal re frontal lobe, passing between 
armors nuclei (a), and rion she teitpacil 
spel ban CO. we gyrus fornicatus, and 

Tr.) is supposed to run 

‘The course of many other 

en rere previous pages, or will be 


Os THe Prexomess Exuterren gy an Annan 
Derriven or rs Crrenrar Hewsreeres. 


lication, however, of appropriate stimuli, such an 

induced to perform all the movements which 

an entire frog is capable of executing. It can be made to 
swim, to leap, and to crawl. When placed on its back, it 
immediately regains its natural position. When placed on a 
board, it does ‘not fall from the board when the latter is tilted 
up #0 a& to displace the animal’s centre of gravity; it crawls 
ee the board until it gains a new position in which its centre 
Oh Ea Vity S restored i a ed Og Tta movements are 





Carpenter's Phystology, 1876 pr 896 ot seq. 
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of a more or les complicated nervous mechanism, in which 
there are not only central and efferent, bat also afferent fic- 
tors. And, putting aside the question of consciousness, with 
which we have here no occasion to deal, it is evident that in 
the frog deprived of its cerebral hemispheres all these factors 
are present, the afftrent no les than the central and the effer- 
ent. The machinery for all the 

movements is i 


wohave. 


und. 
When thrown into water, instead of swimming it sinks like 
a lump of lead. When pinched, or otherwise stimulated, it 
does not craw! or leap forwards; it simply throws out its limbs 
in varios: wa: its flanks are stroked it doca not 
croak; and ® board on which it is placed is inclined 
sufficiently to displace its centre of gravity it makes no effort 
to regain its balance, but falls off the board like # lifeleas 
mass. Though, as we have seen, there is in all parts of the 
spinal cord of the frog a large amount of co-ordinating ma- 
pracy it is: evident that'a great deal of the more complex 
machinery of this kind, pecially all that which has to deal 
with the body as whole, and all that which is concerned 
with equilibrium: and is specially governed by the higher 
senses, is sented not in the spinal cord but in the brain and 
medulla oblongata. We shall poet sce that in the fr 
a great deal of this more complex machinery is cocaniel 

66 


—eE, 
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gence are wanting, and that the movements are on the whole 
clumsy, resembling rather those of a stupid drowsy bird than 
those of one quite wide awake, there is very little to dis- 
tinguish such a bird from one in full possession of its cerebral 


Even ina mammal, during the few hours which intervene 
between the removal of the hemispheres and death, very much 
the same phenomena may be observed. The rabbit, or rat, 
9] on ¢an stand, run, and leap; placed on its side or 
back, it at once regains its feet. ft alone, it retnnins ag 
moti and impassive as a statue, save now and then when 
a passing impulse seems to stir it to a sudden, but brief 
movement. ich a rabbit will remain for minutes ther 
utterly heediess of a carrot or cabbage leaf placed just before 
its nose, though if a morsel be placed fn its mouth it at once 
begins to gnaw and eat. When stirred, it will, with perfect 
ease and steadiness, run or leap forward; and obstacles in its 
course are frequently, with more or less success, avoided. 
It will often follow by movements of the head a bright light 
held in front of it (provided that the optic nerves and tracts 
have not been injured during the operation), and starts when 
a shrill and loud noise is made near it. When pinched it 
cries, often with a long and seemingly plaintive scream, Evi- 
dently its movements are guided, and may be originated, by 
tactile, visual and auditory sensations’ But there is no evi- 
dence that it possesses either visual or other pereeptions, while 
there is almost clear proof that the sensations it experiences 
give rise to no idexs, “Its avoidance of objects depends not go 
much on the form of these as on their interference with light. 


* Here wo come upon a difficulty which we shall moet with again 
in the present chapter, Are we justified in speaking of sensation” 
in cases where we bave renton to think that consciousness is absent; 
or where, ¢ in the present instance, wo have no evidence to show 
whether consciousness is present or not? In treating of the senses we 
called mttention to the fact that we must suppose in the case, for in= 
stance, of vision, the visual periphery organ to bo connected with a 
visual central organ in such & nf that the sensory impulses originat- 
ing im the former become modified in the lutter before they affect con- 
sciousness. In the peripheral organ, and along the nerve of sense, the 
affection of the nervous tissue may be spoken of as a sensory impulse; 
but after the affection hus traversed the central organ and become 


modified it is no longer a simple sensory impulse. We must, then, 
either call it a sensation, irrespective of TS ietba 
sciousness intervenes or not, or we must give i 

wishing to introduce a now name, wo have ventu 

‘aeneation” in # sense which neither a@irms nor denies the coexist- 
ence of consciousness. 
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longer balance itself, it lies helpless on its side, and though 
various movements of a complex character, including cries, 
may be i pea by appropriate stimuli, they are pind more 
li when these cerebral structures are intact. 

We may, therefore, atate that in the higher animals, inelud- 
ing mammals, as in the frog, the body, after the removal of 
the cerebral hemis; is capable of executing all the ordi- 

ich the 1 in its natural life is wont 
these movements necessitate the 


nervous machinery for the execution of these movements lies 
in some part of the brain other than the cerebral hemispheres. 
We have reasons for thinking that it is situated in the stract- 
ures forming the middle or hind brain. 


Seo, 2. Tae Mecranisms or Co-orpixatep Movesenrs. 


When in a pigeon the horizontal membranous circular canal 
of the internal ear is cut through, the bird is observed to be 
continually moving its head from side to side. If one of the 
vertical canals be cut throngh, the movements are up and 
down. The peculiar movements are not witnessed when the 
bird is perfectly quiet, but they make their appearance when- 
ever it is disturbed, and attempts in any way to stir. When 
one side only of the head is operated on, the condition after 
awhile away. When the canals of both sides have been 
divided, it becomes much oepeeried, and remains perma- 
nently, And it is then found these peculiar movements of 

“the head are associated with what appears to be a complete 
want of co-ordination of all bodily movements. If the bi 
be thrown into the air, it flutters and falls down in a helpless 
and confused manner ; it ap to have totally lost the power 
of orderly flight, “If placed in a balanced position, it may 
remain for some time quiet, generally with its head in a pecu- 
liar posture ; but direetly it is disturbed, the movements which 
it attempts to execute are irregular and fall short of their 
purpose. It hus great difficulty in picking up food and in 
Frinking? and in general its behavior very much resembles 
that of @ person who is exceedingly dizzy. 

Tt can hear perfectly well, and therefore the symptoms can- 
not be ded as the result of any abnormal auditory sensa- 
tions, such as “a roaring” in the ears. Besides, any such 
stimulation of the auditory nerve as the result of the section, 
would speedily dic away, whereas these phenomena may be 
permanent. 
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after some days wholly or almost wholly disappear. When different 
canals are divided on the two sides of the head, £«, when the 
operation is bilateral aud unaymmetrical, the effects become per- 
tuanent. 

ee Apa! pesten of Hie, coals pronnecs,§, 50908 
similar to that witnessed in birds; but the movements 

ed. peculiar oscillating movements ot 

in direetion and character accord 


How are we to explain these remarkable phenomena? Let 
us for awhile turn aside to ourselves and examine the co-ordi- 
nation of the movements of our own bodies. When we appeal 
to our own consciousness we find that our movements are 
es ae eae pie wemmncall oneness - 
ibrium, by an appreciation of the position of our body ita 
relations to space. When this sense of equilibrium is dis- 
turbed, we say we are dizzy, and we then stagger and reel, 
being no longer able to co-ordinate the movements of our 
bodies or to adapt them tothe position of things around ua, 
What is the in of this sense of equilibrium? By what 
means are we able to appreciate the position of our body? 
There can be no doubt that this a; tation is in large mens- 
ure the product of visual and tactile sensations; we i 
the relations of our body to the things around us in great 
measure by sight and touch; we also learn much by our mus 
cular sense. it there is something besides these. Neither 
be eo touch nor museular sense would help us when, 
ri) perfeetly flat and at rest on a horizontal rotating table, 


with the eyes shut and not a muscle stirring, we attempted to 

determine whether the table and we with it were moved or 

not, or to agcertain hoy much it and we were turned to the 

right or to the left. Yet under such circumstances we are not 

only conscious of a change in our position, but according to 

Crum Brown’ and others we ean im @ tolerably succesful 
w 


judgment as to the angle through which we have been moved, 
What are the data on which we are able to form such a 
* Journ, Anat, Phys, 1874, p. 827; 200 also Mach. Lehre v. d. Be- 


wegungs-Emplind., 1875; Breuer, Wien. Mod. Jubb., 1874, p. 72; 
1876, p. 87. 
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much divergence of opinion as to the exact way in 

wien the ampullar impulses are generated, and as to the 

exact manner in which injury to the canals juces its 

effects, whether by causing the bere absence of normal im- 

pulses or by eeresating 6 abnormal influences; but it is difficult 

to pedestal general conclusion that the ampulle have in 

y or other to do with the sense of mine! and 

wich ie eadeatastiee of moyements, and that the remarkable 
effects of injuring them are connected with this function. 


Some authors’ have adopted the former view, that a io Bete 
one a ian 180 ae Seca ie oe cee am} 


at ri eed 
alto of th 


ane dar 


Wats Mets te aed rection cntbA oe pa 
anda ami ix im effective, He 


the operation is performed, airs 
it the existence of any such fune- 
» aod regards the permanent want of 
hows: pon extensive injury to the canals as 
saeeRe SON a8 & secondary result in the cerebellum or 
regions of the Other cheery eRh insist. most. strongly 
may be most fully develo; 
mince to to the brain, 
aunts the loss of co-ordination need not be con- 
organs of the auditory nerve. Section of 
the itory trun ese similar effects. 

napa to Cyon, however, the logs of co-ordination which fol- 

lows, in the rabbit, upon section of both auditory nerves disappears 
eboney after some time. If this ix really the elses, with 
i sinc of the divided nerves taking place, it is clear 
ampullar impulses may be generated in the 
‘hese must play far too subordinate a part in main- 

their mere absence as 

ndly imagine that an animal 
pad learn to te without such peculiar and important norual im- 


4 Goltz, op. s cit. 
* ‘etaiae re itchwalbo’ 's Bericht, Literatur, 1877, p. 20 
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dizziness comes on, though leas readily, when the ies are kept 
shut all the time, It has been suggested that false ampullar 
sensations arise from the rotation of the body exciting the 
semicircular canals, But even admitting this as a contriba- 
tion to the total effect, it scems probable, as Purkinje sug- 
|, that changes in the brain due to the displacement of 
the blood or even of the brain-substunce itself caused by the 
too rapid rotation, are at work, It.is difficult otherwise ‘to 
explain the unconsciousness which may ensue if the rotation 
be rapid and Jong-continued ; and the vertigo resulting from 
various poisons scems to be distinctly of central origin. 


_ Vertigo, as in the so-called Meniére’s malaciys is frequently asso- 
ciated disease of the semicireular i but it must be 
remembered that the canals are frequently diseased without aay 
vertigo sppesting: to Cyon' und Tormaszewicx’ verti 
by rotation iaay bo readily Induced th tabbite after section of bot 
auditory nerves, 2 result which indicates that the semicircular canals 
can have little share in this form of vertigo. 


Whether we accept the view of ampullar sensations just 
discussed or not, and whatever be the exact share which false 
sensations take in the causation of vertigo, this at all events is 
clear, that afferent impulses of various kinds so fur contribute 
to the geiny e of the co-ordinating mechanisms that chan; 
in a impul eS oir the ad into disorder, 
or at least to impair their proper working. It is not necessary 
that these afferent impulses should atrecely affect consciousness 
(or, to speak more correctly, should affect that complete con- 
sciousness which is associated with volition), and so develop 
into distinct fe i We have seen that a bird from 
which the cerebral hemispheres have been removed is perfectly 
able to fly; and that, therefore, the co-ordinating nervous 
mecfianism. n for flight is situated in the parts of the 
brain pio helio the cerebral hemispheres. We have also 
dwelt on the fact that all the chief co-ordinating mechanisms 
of the fing lie in the hind parts of the brain ; yet in the frog, 

i and we may add, as in the mammal, injury to 
aon the brain produces loss of co-ordination 
emispheres be present or not. Now we have no 

satisfactory reasons for either sséerting or d 
we call consciousness, ¢ ¢., a distinct consciousness similar to 
our own consciousness, exists in animals deprived of their 
cerebral hemispheres. When signs of volition are present, we 


¥Op. cit. 2 Op. vit. 
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afferent impulses to the development of complex bodily move- 
ments, that we are almost justified in co ring every such 
movement in the light of a reflex action made up of afferent 
and efferent impulses and central actions, and set going by the 
influence of some dominant afferent impulse, or by the direct 
action of those nervous changes, whose Leper correlative is 
what we call the will, on the centre itself All day long and 
every day multitudinous afferent impulses, from eye, and éar, 
and skin, and muscle, and ‘other tissues and organs, are 
streaming into our neryous system; and did each afferent 
impulse issue as its correlative afferent motor impulse, our life 
would bea prolonged convulsion. As it is, by the checks and 
counter-checks of cerebral and spinal activities, all. these im- 
pulses are drilled and marshalled, and kept in hand in orderly 
array till a movement fs called for; and thus we are able to 
execute at will the most complex bodily manteuvres, knowing 
only why, and wnconscious or but dimly conscious how, we 
carry them out, 
We have ventured to use the phrase “co-ordinating cen- 
tre,” but it must be understood that we have no right to 
more than a general meaning to the words, We can- 
not, at present at least, define such a centre in the same way 
that we can the yaso-motor or respiratory centre, When the 
optic lobes as well as the cerebral hemispheres are removed 
from the frog, the power of balancing itself is lost; when such 
a frog is thrown off ite balance ii Seomnred the plane on 
which it is placed, it falls down. special co-ordinating 
mechanism for balancing must therefore in this animal be 
situated in the optic ; but after removal of these organs 
the animal is 


lobes 
capable of a great. variety of co-ordinate 
movements; unlike 9, retaining its spinal cord only, it 
can swim and leap, and when placed on its back immediately 
regains the normal pesition. The cerebellum of the frog is 
#0 small, and in remoying it injury is so likely to be done to 


the underlying parts, that it es difficult to say how 
much of the co-ordination apparent in a frog Pee cere- 
bellam and medulla is to be attributed to the former or to the 
latter; probably, however, the part played by the former is 
small. In the manimal, as we have stated, removal of the 
whole middle and bind brain does away with the most marked 
of these co-ordinating mechanisms. Removal of the pons 
eae alone has iy same weer Injury On or disease ss 
the more superficial parte of the corpora quadrigemina, or o' 
the cerebellum, dues mot appear to faery the movements 
of the body at large to any striking extent; but there are 





796 THE BRAIN. 


in many cases is itself the result of disordered sensory im- 
pulses, and not to any paralytic or other failing of the sim 
muscular instruments of the nervous And this view 
is supported by the fact that many of forced movements 
are accompanied by a peculiar ap wholly abnormal position 
of the eyes, which alone might perhaps explain many of the 
phenomena. 


Sno. 5. Tae Foncrioxs or rm Cenenean Coxvouurtons. 


All the older observers, Flourens and others, agro. that 
when the cerebral isbn yee salen 
by picce or slice by elice, no obvious effects manifested 
selves, either in the intelligence or volition of the animal, 


‘The Areas of the Cerehtal Coavotutions of the Dog, according co Miceig and Frist. 
(2) A The area for the mmctes of the neck. 
(2) 4 extension and adduction of the fore fimb, 
@) + %  ™ — fexion and rotation of the fore limb, 
4) hike tints, 
Running tranvrerely towants and separating (1) and (2) from (3) amt (a) be 
sen the ermcial mnlcwr. 
$0) © "The facial aren, 


when the first portions only were taken away; but that, as 
the removal was continued, the animal became more and more 
(lull and stupid, until at last both intelligence and volition 
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scemed to be entirely Jost. It has been frequently obeerved 
that after wounds of the skull large portions of the brains of 
men might be removed without any marked effect on the psy- 
chical condition of the patients, The brain when exposed 


‘The Areas of the Cerebral Comroluthons of the Dog, according to Ferrier,—0, The 
‘ltacoory babe; A, The fissure of Syleivs ; 8, The Crucial sulcus. 


Faradale stimulations of the areas indicated hy the several circles produce the follows 
fing results: 


(1) ‘The hind feg is ndvanced a in walking. 
(3)! Lateral oF wagging tuotion of the ell 
(4) Retraction and adduction of the opposice fore limb. 
(5) Elevation of the shoulder of, an extension forwards of, the opposite fire Tims, 
(7) Closure of the opposite eye, eeied by combined action of the orbicular aint 
zygomatic muscles. 
(8) Retraction and elevation of the opposite angle of the mauth, 
(0}2 ‘The mouth is opened aad the tongue moved ; souetitiecs bucking is produced. 
(11) Retraction of the angle ofthe meuch. 
(12) Opening of the eyes asd dilation of the pupils: the eyes aed then the head 
turning to the opposite side. 
(3B) The eyeballs move to the opposite side. 
(44) Pricking or sudden retraction of the appoaite ear. 
(35) Torsion of the nostril on the same side. 
(36) Elevation of the lip and dilation of che woserit (1). 


was found not to be sensitive; and ordinary stimuli applied 
to the surface of the convolutions of animals failed m the 





1 There is in the dog no movement comparable to that resulting from 
stimulating (2) (Pigs. 228, 224) in the monkey. (Rerrier.) 
® Corresponding to (9) and (10) in the monkey. 
eT 
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whole,” whatever that might mean. On the other hand, there 
was clear evidence that not only did disease of the superficial 
gray matter of the hemispheres cause delirium, as in menin- 


(8) (On the upper part of the aaveroparietal o¢ ascending fontal [anterior céntenl) 
coavolitica.) Sepination and Sexton of the opposite forearm. 

(7) (Oa the median portion of the same convolitios.) Ratrection and elevation of the 
-eppeaite ungle of the mouth by means of the rygomatic muscles. 

(8) (Lower down on the same convolution.) Fievation of the ala nasi and upper lip, 
‘wih depretsion of the lower lip on the oppotite side. 

{8),(10) (At the inéevior extremity of the same convolution, Broca’s coavelution,) 
‘Openidg of the much with (9) protrusion and (10) retraction of the tongue. 
Region of Aphasia. 

{11) (Betwoes (10) and the taferior extremity of the portero-parietal coavelution.) 
Retraction of the opposite angle of the mouth, the head turned slightly to ope 
side 
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pulses, along the optic nerve altogether fail to excite visual 
se brain, which we may speak of as ‘* absolute’’ 


rf Benes, 
Bearing in mind the distinctions just raised wo may return to the 
py remeron Munk* insists on the existence of a “‘ visual 
* seated on the posterior lobes, but differing in position from 
and of much wider extent than, that of Ferrier. He maintains not 


are jue practice and experience, 

pred that the bode visual area be not removed. The recovery 
psychical blindness Munk interprets ax being carried out by 
what may be eradely spoken of as the deposition of new visual ex- 
pericnces in the rest of the visual area. In analogy with this visual 
area be describes an auditory area abe again from that. of 
Ferrier, and he ee the whole front part of the brain as forming 
.. Jo Hoe “sonsory’ in which be ‘distinguishes separate sensory 
oft tactile sense. of muscular sense, and general sen- 

sist ) for the fore limb, the hind limb, the eye, the head, the 


Absolutely opposed to Munk’s results are those of Goltz. ‘This 
author, in his latest as in his carlicr researches, insists most stra 
ae heean no more obtain distinct evidence of localization in ref- 

to sensation than in reference to movements. When in a 

Soe ib the lesions are slight the recovery from imperfections of vision, 
of the other senses, und of general peunibilis which follow imme- 
diately on the oesation aay be complet Vhen a larger partion 
of brain is rewoved the peculiar Tnperfections discussed above 
ing, and the so-called airy blindness, together 

hind the Sowiplin pertbeticea of the other senses, may be- 
en still larger portions are removed, as in 


tater the dog from which the greater part of both i hemispheres 
' Op. cit. 








of speech 
It may) be due to simp! cone 


nerves concerned in iy i 
fection in the co-ordinating mechanism by which 
are i their exit. 


Sec. 4. Tax Funetioss or orner Parts or tHe Brary. 


Although much has been written, and many einen 


in reference to the various parts of the 
views which haye thereby been worked out are for the most 
part neither satisfactory nor consistent; indeed, the proper 
method to study the brain is probably to trace out a cerebral 
operation along its chain of events rather than to seek to 
attach readily definable functions to the cerebral anatomical 
components, 


iorrhage, or 
ees, 


eer 





CORPOKA STRIATA. 


The preceding discussions enable us to lay down two broad 
propositions: (1,) The functions of the cerebral convolutions 
are eminently psychical in nature; these parts of the brain in- 
terveno, and as far as we can judge, intervene only, in those 
operations of the nervous system im which an intelligent con- 
sciousness and volition play 4 part. (2.) The hinder parte of 
the brain, viz., the corpora quadrigemina, crura cerebri, pons 
Varolii, cerebellum, and medulla oblongata, are capable by 
themselves of Loge ea into execution complex movements, 
the co-ordination of which implies very considerable elabora- 
tion of afferent impulses; they can do this even in the case of 
such mammals as the rabbit and the rat, in the total absence 
of the cerebral hemispheres, corpora striata, and optic thalami. 
‘These two latter bodies, often spoken of as “the basal ganglia," 
are undoubtedly the great means of communication between 
the cerebral hemispheres on the one hand and the crura cere- 
bri on the other. Though some fibres do pass from the crura 
by or through the ganglia to the cerebral convolutions without 
being connected with the nerve-cells of those ganglia, the 
mass of the peduncular fibres are probably connected with the 
superficial gray matter of the hemispheres in an indirect man- 
ner only, the lower or anterior fibres (crusta) passing first into 
the corpora striata, and the upper or posterior fibres (legmen- 
tum) into the optic thalami. anatomical disposition would 
lead us to suppose that these bodies have important functions 
in mediating between the psychical operations of the cerebral 
convolution’ on the one hand and the sensori-motor machinery 
of the middle and hind brain on the other; and the separate 
courses taken ae peduncalar fibres would farther lead us 
to expect that the functions of the corpora striata differ funda- 
mentally from those of the optic thalami. 

When in the human subject a lesion occurs involving both 
these bodies on one side of the brain, the result is a loss of 
sensation in, and volentary. p peter over, the opposite side of 
the body and face, a so-called hemiplegia, which, may be abso- 


lutely complete without any impairment whatever of the in- 
tellectual faculties, The will and the power to receive im- 
pressions are present in their entirety, but neither efferent nor 
afferent impulses can make their way to or from the peripheral 
organs and the cerebral conyolutions. The injury to the basal 





* Qaain’s Anatomy, Sth ed., ii, 555. 
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sions. Convulsions are not common when the lesions are confined 
to these bodies; but when witnessed they can generally be referred 
to the corpora striata rather than to the optic thalami; like the 
paralysis, the convulsions are generally limited to the opposite side 
of the body, though feeble movements may occasionally be seen on 
the same side ax well, On the other hand, numerous cases have 
been recorded where an injury apparently confined to one corpus 
striatum has had aa part of its results ansesthesia of the opposite 
side of the bodys and others, where disease apparently confined 
to an optic thalamus, has cansed loss of movement as well as of 
sensation. 

Experiments on animals, though very valuable as regards the 
investigation of movements, are tmperfect means of studying the 
phenomenn of conscious sensations, We have already eeen that 
erude unelaborated sensations may originate in an animal deprived 
of its cerebral hemispheres; and it becomes a matter of great diffi- 
culty to disentangle the evidences of these primitive sensations from 
thoee of the higher psychical perceptions. Moreover, we do not, 
ab present, at ail know ta etal an extent the larger development oP 
the cerebral hemispheres in man bas influeneed the ordinary fune= 
tions of the other parts of the brain. It may be that important fune- 
tions Which in the rabbit belong to the middle and hind brain, have, 
in man, almost disappeared in order to make these stractures more 

ral servants of the eerebral hemispheres. It may be, however, 
that the greater activity of the conyolutions has simply increased the 
ordinary labors of the middle and hind brain, We cannot at present 
say which effect has resulted; but meanwhile great caution ought 
to be exercised in drawing inferences from experiments on a rabbit 
or on a dog, a& to what are the functions of the corresponding parts 
of the human brain. 

Ferrier’ observed that when the corpora striata were stimulated 
with an Eerrupesd current, convulsive movements of the opposite 
side of the ly took place; the animal, when the stimulus was 
powerful, being thrown into complete plearosthotonus, the side of 
the bedy opposite to the side of the brain stimulated being forcibly 
drawn into nn arch ; the localized movements observed by Burdon 
Sanderson (p. 803). were lost in the general convulsions caused by 
the “anic current affecting a large portion of the organ. When, 
on the other hand, the optic thalami were similarly stimulated, no 
such convulsions were observed. On this point Carville and Duret’s* 

ations are in uccordance with those of Berrier; and the results, 
as far as they go, appear at first sight to be in accordance with the 
theory of the oer motor functions of the corpora striata, and 
the exclusively sensory functions of the optic thalami. But it would 


obviously be tush to ‘draw any such conclusion direetly from them, 
since, if the optic thalamus is concerned in the tranemission and 
elaboration of sensory impulses, the application of the galvanic cur- 
rent to it ought, by discharging a number of sensory impulses, to. 
give rise to movements of some kind or other, and not to be ehar- 
acterized by the absence of all effects. Moreover, any such inference 





* Op, cit. * Op. eit. 
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laris and optic eknen, in the anterior part of its course where it 


een the nucleus lenticularis and the nucleus candatus, 
[ed to heratplogic loas of voluntary mavement on the opposite side, 
thoagh stimulation of the paralyzed limb still gave rise to reflex 
When the section was carried through the posterior 
, between the nucleus lenticularis and. montis 
of volunt movement on the rah 
of sensition, 1. ¢., wl 


‘ea observed that in the rabbit voluntary movements still 
pee after destruction of both nuclei caudati; in this respect 
these portions of the corpora striata _poesentod a tmarked: contrast 09 
the nuclei lenticalares, Ni sorae fneon peje wea 


i appears after removal of the 
side; as we have sleet as stated, 
injary to a particular part of the nucleus candat =f 
viz, the nodus cursorius, gave rise to remarkable fo 
movements, which made their appearance even after the previous 
removal of the nuelei lenticulares. The injection of chro ett acid 
ino borpenaiat the nucleus caudatus also fr ee for 
while forced movements, either straight for 
kod which differed from those witnessed by ot 
operations on the corpora striata after removal ne the phd ies 
inasinuch as they were executed by an prea Toa posseasing intel- 
Tigence, and frequently striving to avoid obstacles, 

Tt is imponsible at present to give a sutisfactory ‘explanation of all 
these varied and frequently inconsistent phenomena, but it may ma 
worth while to return again to the possibility of considering some at 
least, of the pbeetatin as inhibitory effects, The fact that ie 
paralysis, curvature of the body, and the cireas morenant result- 
ing from lesion of one nucleus caudatus or nucleus lenticnlaris, dis- 
appear “when the. same body on the other side is removed, warns us 
against too hastily assuming that a loss or diminution of voluntary 
power means nothing more than a break in the transmission of 
volitional impulses; it may mean that, but it may mean also the 
development of nervous actions having inhibitory effects. In the 
experiment of Carville and Duret, quoted above, pinching the left 
hind limb after section of the right internal capsule produced no 
reflex action whatever. Now it is absurd to be gig Fat i in this 
case the reflex centre was removed, or any part of a veritable reflex 
chain broken, because, as we know, pinching the hind limb will 
produce « reflex movement, provided only « portion of the lumbar 
cord be left intact and functional. There must in this case have 
been inhibition of the lumbar reflex centres; and if of these, why 
pot of other centres, reflex or malomantic? 


1 Op. cit. 
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been gained by many subsequent observers.’ We haye seen, 
moreover, that both frogs, birds, and mammals continue to 
receive and within limits to react upon visual impressions 
after the total removal of the cerebral hemispheres. From 
these fiets we infer that visual sensory impulses become trans- 
formed into visual sensations in the corpora quadrigemina ; 
or, in other words, that these nervous structures are centres 
of sight, But they are go in a limited sense only. We have 
seen that destruction or 5 yd of the cerebral hemispheres 
profoundly*affects vision. the absence of the cerebral con- 
volutions, a crude vision, devoid of distinct visual i 

is probably all that is possible, The processes constituting 
distinet and Fae vision in fact begin in the retina, and are 
partially elaborated in the corpora quadrigemina, possibly in 
the optic thalami,* but do not become completely develo) 

until the cerebral convolution have been called into operation. 


Th those animals (er. gr., rabbits) in which unilateral destruction 


of the corpora mina entails blindness of the opposi 
sind yeh tide 808 affect at ll the vioual sonsory pulses oigioatiog 
in the eye of the same side, it is obvious that a complete decussation 

the sensory impulses must take place before the centre is 5 

‘The question, however, whether the decussation of fibres (and 
conmcrusally of imnpulees) in the nytt chiasma is complete or in- 
com ge ex the optic tract of one. side is the continuation of 
all tho fibres in the optio nerve of the opposite side or whether it is 
composed tives of the optic neryes of both sides, is 
one hs roctp from an anatomical and a 
pays! stal 

iment and observ: 
in the rabbit the 


' ston 
destayng ion, fm whic i i intr ht i these nina 
Geiser? najtmromplets decomeation in the dog, sass destrac- 


+ MeKendrick, Trans. Roy. Soc, Ed., 1878, 
* Lavana and 


cit. 
te Dotersach., vil (1892), 156. Mandel- 
1873, p. 839; aod Archiv fir Opbthalmol., 
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upon section of the ia lina and su} lances 

the cerebellum (prc ‘Cereb a teste), Cough nol OF 
sensibility could be detected ag resulting from the o} ion. These 
observers assert 
muscles of the 
tebral column 


Saat ee Ot a 


canal, and in the hohe linea if 

must have an indirect on the centres of the above mov 

which. ax we have seen, are situate in the medulla and lumbar 
respectively. Danilewsky, Jr.) and Ferrier have observed 

in the blood-pressure and respiration follow upon stimulation of the 
corpora quadrigemina, as of other parts of the brain. Martin and 
Booker Bid in the frog in the optic lobes and in the rabbit beneath 
the pesterior corpora quadrigemina, close to the aqueduct of Syl- 
‘Vins, a respiration ating centre, stimulation af which acceler 
ates inspiration and diminishes or inhibits expiration. 


Corebellum, 


We have already reforred to the cerebellum as ee prob- 
ably concerned in the co-ordination of movements, Flourens 
al that when # small portion of the cerebellum was ro- 
moved from a pigeon, the animal’s gait became unsteady; 
when larger Pind were taken away its movements became 
much more disorderly, and when the whole of the organ was 
removed an) almost total loss of co-ordination supervened. 
Other observers have obtained similar results in other uni- 
mals; and it has in I been found that lateral or ung) 
metrical lesions incisions produce a iter effect than 
those which are median or symmetrical. tion of the mid- 
die peduncle on one side almost invariably gives rise to a 
forced movement, the animal rolling capil round its own 
longitudinal axis; the rotation i: lly though not always 
towards the side 0 ited on; am companied by nystag- 
mus, & &, by pee! rolling movements of the eyes 
tive of ¥ ; frequently one eye ia moved in one direction, 
ex. gr., inwards and downwards, and the other in a different 
or opposite direction, ex. gr., outwards and upwards. The 
clinical evidence is discordant, for though unsteadiness of gait 
has been frequently witnessed in cases of cerebellar disease, 
many histories have been recorded in which extensive disease, 





* Piliiger’s Archiv (1875), p. 128, * Journ. Physiol. # (1878), p. 370. 
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Lastly, we may observe that Flechsig (see p. 764) on anatomical 
qunds connects a definite portion of the lateral columns of the 

cond with the cerebellum, 
that when a constant current of suffi- 


the anole was 
subject himself 
Vesti 
prea being mada Th ariody andl ipartaki 
‘on the current being m: ese are varied, © 
somewhat of the nature of nystagmus. They. consist of a rapid 
snatching movement in the direction of the current, and a slower 
return in the contrary direction, the eyes oscillating between the two. 
Sometimes the two eyes move together, sometimes they are disso- 
ciated. That neither the feeling of vertigo nor the movements of 
the body are dependent on abnormal visual sensations caused by the 
ocular movements, ix shown by the fact that they occur when the 
eyes are shut, and also in blind people; and indeed the feeling of 
vertigo may be induced by a current too feeble to canse any abnormal 
movements of the eyel The application of the current when 
the eyes are shut gives rise to a sensation similar to that of sitting 
or standing in a carriage which is being turned over in the direction 
of the current, from right to left when the anode is placed at the 
ight ear. When the current is broken, there is a rebound of the 


phenomena in an opposite direction. The person now leans towards 
the 7 ‘external objects seem to revolve from the cathode 
to the anode. All these phenomena are best explained by supposing 
that the current interferes with the cerebral co-ordinating mechanism, 
from which result, us efferent effects, the compensating movements 
of the Lp oor the ees, the change in tho mechanism at the same 


time so al Consciousness as to produce a feeling of vertigo. 
Whether they are due to an anelectrotonic and catelectrotonic con- 
dition of the ampullar fibres of the respective auditory nerves, or are 
cay the action of the current on cerebellar or structures, 
must be left for the present undecided, 


Attempts have been made to connect the cerebellum with 
the sexual fonctions; but there is no satisfactory evidence of 
any such relation, As we shall sce later on, the nervous cen- 
tres conhected with the sexual and generative organs are seated, 
in the case of dogs at least, and probably of all animals, in the 
lumbar spinal cord; and all, or nearly all, sexual Woes 
may be witnessed in animals, the lumbar spinal cords of which 
have been isolated by section from the rest of the cerebro- 
spinal system. Galvanic stimulation of the cerebellum pro- 
Wiices no change in the genérative organs, and when erection 
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through the medulla and pons Varolii.’ Against the view of 
those who maintain that volitional im upulees cross suddenly 
and completely at the decussation of the pyramids, may be 
urged the fact that a longitudinal section through the decus- 
gation does not entail loss of volun movements on both 
sides of the body, as it ought to do if the volitional impulses 
crossed completely at this spot. Moreover, according to Vul- 
pian, the loss of voluntary movement which follows upon a 
unilateral section of the medulla is not confined entirely to 
one side of the body. 


Medulla Oblongata. 


We have #0 often spoken of this link between the brain and 
the spinal cord, that it is hardly necessary here to do more 
than recall the fact, that the majority of the “centres " for 
various organic functions are situated in it, 

we may briefly recapitulate as follows: 1, The res 
piratory centre g 453), with its seighboring. carers 


centre (p. 473). The vaso-motor centre (p. 269). 3. The 
cardio-inhibitory centre (p. 242). 4. The diabetic centre, or 
centre for the production of artificial diabetes (p. 533). 6. 
The centre for degiutition (p. 367). 6. The centre for the 
movements of the msophagus and stomach (p. 371), with its 
allied vomiting centre (p. 378). 7, The centre for reflex ex- 
citation of the secretion of the saliva (p, 337), with which 
may be nssociated the centre through which the vagus influ- 
ences the secretion of pancreatic juice (p. 349), and posibly 
of the other digestive juices. 

in the frog, as we have urged (p. 781), the medulla is un- 
doubtedly largely concerned in the co-ordination of movements, 
and it is exceedingly probable that in the mammal also a con- 
siderable ion of work of this kind falls to its lot. 

In conclusion, we may call attention to the fact, that of the 
whole brain certain parts respond easily, by various move- 
ments in different parts of the body, to mechanical or other 
stimuli applied directly to them, while others will not. The 
former are consequent! %, fc oage of as sensitive, and together 
form what has been cal an excito-motor centre; they are 
the (deep parts of ) the corpora quadrigemina, the crura cere- 
bri, the pons Varolii, the ee paris of) the cerebellum, and 
the medulla. ‘The latter are spoken of as insensitive; they are 
the cerebral hemispheres mie with the corpora striata and 





‘Of. Balighian, Eokburd's Beitrage, viii (1878), p. 198. 
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Peer ~~ ae determined the reaction period of himself 
stimuli, and under various cireumstances, 
thee eter prey Frontera! teh che ht into the aa 

io u ing ms wil 1, it hand, 
fe sel be 33 sec. in Exner himself to .3576 or 
even. pest cone in an obtuse ‘ividoal When the stimulus was 
in different w: the signal always being made with the 

right hand, the results in Exner’s own case were as follows; 


Hsin dick eee of the itis 


Be a he inked, a 
“if on the right had, © * 
al from an electric spark, a 
‘on the toe,of the left foot, 


luced by the stimulus of an electric 
sioct sprliel tot nag te hdlwed 
than are auditory 


ihr he 
Sea homthe middle fingor of the ri 
- ISTE see. and .1532 ee. Von Wittich* mans ‘bees 
to be .167 Bec, the application of 
wt Sensation, 
schmi 


stances, —_ the ti rn 
came tie ee Ba Hivos wine Teusie 
no ol 
period from . moO to 00, Dual ad Vinton as the result of 
= olaborate inquiry, came to the cu that. while opium had a 


lengthening effect, coffee 
wll eerie donk and the rpiity with 
i i 
tee we eel sonutie - wpe large quantity 
(a bottle drank rapid Is) 
‘The calculations invol thee he pr Gf Bieter 


's Archiv, vil (1879), p. 001, 

vies Bole Raymond's Archiv, 1868, p. 657. 

2 Pllager's ach, xvi (1878), 

{2k mat Med. (8) 200 

 Piuger's Arobiy, x (18TH Sh ped. “Op. cit. 
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prolongations of the cerebral substance. According to the 
observations of Henle and Meynert each tract arises in a 
tubercular eminence, which is situated in the posterior inferior 
portion of the anterior cerebral lobe, internal to and connected 
with the island of Reil. These eminences are called the 
“optic tubercles,” and are connected with each other by com- 
missural fibres, The olfactory tracts are compoged of both 
white and gray matter; the former occupies the inferior and 
lateral portions. Each tract (Fig. 199) terminates in an ob- 
long ganglion, which is called the olfactory bulb. The bulb 
rests upon the eribriform plate of the ethmoid bone, and in 
this position gives off the neryous filaments, which constitute 
what are strictly speaking, the true nerves. The 
distribution of these nerves has been referred to in previous 
pages (pp. 721, 722).] 


2 tic (Nerve of Sight).—[The optic tracts arise from the 
Pree ht Sy. geniculata and the optic thalami. 
The fibres have been traced to the crura cerebri, and the 


anterior portion of the floor of the aqueduct of Sylvius. The 
optic tracts (Fig. 216) run forward beneath the cerebrum, and 
when they reach the olivary process of the sphenoid bone 
unite to form the optic commissure or chiasm. The optic 


Fra. 285. 


nif 


‘epione 
Course of Fibres in the Optic Cosmiaure, 


nerves arise from the anterior part of the commissure, enter 
the orbit through the optic foramina, pierce the external coats 
of the eyeball, and become expanded to form the retina: 

Within the commissare the fibres of the optic tract pursue 
divergent courses, Some of the fibres decussate; others con- 
tinue to the retina on the same side; others cross over to the 
opposite side and return to the optic thalamus, and. thus form 
(inter-cerebral) or commissural fibres between the optic thal- 
ami; other fibres (inter-retinal) probably run through one 
optic nerve across to the other between the retina] 


3. Oculo-molor—[The oculo-motor nerves arise from the 
crura cerebri immediately anterior to the pons Varolii (Fig. 
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216), The fibres of each nerve have their deep origin in 

gray nucleus in the floor of the aqueduct of Sylvius. ‘This 
nucleus is continuous with the nucleus in which the root of the 
fourth nerve originates, and is, therefore, often spoken of as 


Fic, 2, 


‘The Nerves of the Oubit seen from the Outer Side, 1, section of the fromal bone: lm- 
mediately behind the numeral & the frontal sinus, and, is ferent, the integument : 2, the 
superior maxillary bone; the section in front of the rameral exkibits the maxillary alin j 
4, part of the sphenoid bone : 4, the levator palpebirw. ant superior rectus muscles: 8, the 
superior oblique muscle; 6, the inferior oblique mnusele ; 7, the oeaar Ralf of the exter 
nal rectus muxcle drawn forwards ; 8, the orbital half of the external rectus muscle 
turned downwards, Qn this muscle thi wirdh eevve is seen dividing into branches: 8, 
the inferior rectus muscle ; 10, the optle nerve: 11, the Internal carotid artery emerging 
Geom the cavernous sinus ; #2, the ophthalmic artery; If, the thind nerve /14, the bruich 
of the third nerve to the inferior cbfigne muscle. Between this and the sixth nerve () 
is seen the branch which supplies the inferior rectus: its branch to the ephshalmic gan 
lion Is seen proceeding from the upper side of the tnink of the nerve, at the boca of 
the orbit; 18, the fourth nerve; 16, the trank ef the fifth nerve; 17, the Gusserinn gan- 
lion; 18, the ophchalmic nerve ; 19,the superine maxillary nerve ; 30, the hiferior rexzxd- 
lary nerve; 21, the frontal nerve ; 22, its division into beanches to sepply the labegumvens 
of the forehead ; 23, the lachrymal nerve; 24, the naaal nerve; the exall nerve seew in 
the bifurcation of the nasal and frontal, nerve is ome of the branches of the sper diel 
sion of the third nerve: 25, the nasal nerve passing over the internal reemas muscles t= 
the anterior ethmoidal foramen ; 26, the infratrechlear nerve ; 27, a Song ciliary brunch 
of the nasal; another long ciliary branch we seen proceeding frem the lower aspect wf the 
nerve; 24, the long root of the ophthalmic ganglion, proceediag (rom the wasal nerre, 
and receiving the sympathetic root, which joias it an acute angle; 29, the 
ganglion, giving off from ite forepart the short cillary server: 39, the globe of the eye 


the common nucleus of the two nerves. Each nucleus is con- 
nected with the oppasite side of the brain by fibres which pase 
through the corpus striatum of the opposite sidé, and decus, 
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sate beneath the floor of the nqueduct of Sylvius, Some of 
the fibres from the corpora striatum probably remain on the 
same side without decussating. 

From its superticial point of origin this nerve passes along 
the cavernous sinus, receiving some filaments from 
the fifth. It enters the orbit through the sphenoidal fissure 
(Fig. 226).)  Tteis the motor nerve to the levator pal) 
superioris and all the muscles of the eye, except the obliquus 
superior and the rectus ¢xternus, Efforent nerve for the con- 
traction of the and for the muscles of accommodation, 
Hence, when the 1 is divided, or otherwise paralyzed, the 
upper eyelid falls (ptosis); the eye, which is, turned outwards, 
is capable of»partial movements only, viz, such as can be 
produced by the rectus externus and obliquus superior ; when 
the head is moved the eye moves with it, the interior ior oblique 


not being able to exeoute the if movements 


usual 
of the eyeball ; the eee fs dilated, and the eye cannot aceom- 


modate for near distances, 


‘Tho root of the nerve shows recurrent sensibility, due to fil 
foo he thy, MEME pes 

4. Trochlear or Pathetic. roe trochlearis or patheticus 
nerve is the smallest of all cranial nerves. is nerve 
arises from the upper surfice of the valve of Vicussens, 
behind the corpora quadrigemina (Fig. 216). The larger 
proportion of fibres run transversely across the valve of Vieus- 
sens and decussate with those of the nerve of the oppo 
side ; other fibres remain on the same side as the nerve. 
fibres have their origin in a gray nucleus situated in the floor 
of the aqueduct of Sylvius, immediately behind, and adjoining 
the nucleus of the oculo-motor nerve; and also in a nucleus 
which is lossied peer ite. nucleus of bees nerve niee 
upper part fourth ventricle. It 
the cavernous sinus, and enters the orbit through the sphe- 
noidal Seare (. 226).] It is the motor nerve to the obliquus 
superior. the nerve is paralyzed, no marked difference 
is observed in the position of the eye, bat the patient sees 
double when he attempts to look straight forward or towards 
the side; the images, however, coalesce when he 
turns his to the sound side. When the head is moved 
from side to side the eye moves with it, the usual compensating 
movement of the eye which accompanics the movements of the 
head failing in consequence of the superior oblique not acting. 


“Schiff, Labrb., p. 376. 
ru) 
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atelier tahnt but reecives recurrent fibres front the 


5. Trigeminns.—{The fifth of 
the cranial nerves. It pesens se ie si Pa shop ‘arolil 
(Pig. 216) ee roots, which are separated by a narrow band 

St hae a ieee lc 
root is sem weve eo in 
in a gray sucleas in the extreme ride of the Boor mn 
ventricle, und immediately behind the ouclei of ne oeulo- 
motorius and eae nerves. Some of the fibres termin- 
ate in the nuclei or decussate with those of the o 
others have been traced through the su 
cerebellum of the same side tothe tu 
These oie run forwards on (at wh 

in to the asecrinn iglion ‘a 
bacon portion of ieetofral } ‘ix point the sen- 
Sexy root epreeda SReee ob Euan Ait taccnsoesraak 
pases by, forming no connection with it, ‘The sensory fibres 
pass through the genase , being reinforced by fibres from the 
ganglionic cells, fee areal me oe the ia 
thalmic, superior ily ad 
former ure sensory; th Lari ee pe root, = 
is, therefore, both Gina ed oe braneli 
enters the orbit Oe rae the. 
maxillary Rsoai ty 2 bg eg into the 
sghenc-niaxillary fossa, where it sends off « tract to the 
soe ganglion, then passes through i 
the orbit and emenges at the in! 


ba ma, cialaeian: two pal i ple 
if digastric), to the eyes 

os fibres to various pa: 

fibres to the itn 


ae see pat |. Efferent fires ps ‘the d dilation of 
see p. 6 

Afferent Fibres: General nerve of sensation 
head and face, and of the mucous membrane 
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except the back par of the tongue, the posterior pillars of 
the fauces, and a large part of the pharynx, these parts being 


supplied by the gloeso-pharyngeal and vagus; the back of the 
head is chiefly supplied by branches from the cranial nerves, 


(Fo. 227, 


—_— 


General Pan of the Branches of the Fifth Palr (after  aketch by Charts Bell). 4. 
1, besser roor of the fifth pair: 2, greaser rose passing forwards lato the Gasserian gare 
goo ; 8, placed on the bone above the ophthalmic nerve, whith is seen dividing Into the 

ital, Jachrymal, and maral branches, the latter connected with the ophthalmic 
ganglion; 4, placed on the bone close to the foramen rotundum, marks the superior max- 
lary devision, which is connected below with the sphene- palatine ganglion, and passes 
forwands to the infra-orbital foramen : 5, placed on the bone over the foramen ovale, marks 
the anibmazxiliary nerve, giving off the anterior auricular and muscular branches, and con- 
timwest by the inferior dental to the lower jaw, and by the gustatery to the wongue: a, 
the scbrmaxillary gland, the sulmasillary ganglion placed alave it in counection with the 
17, the facial nerve lasting from the stylo-mai- 


and the external meatus and concha are supplied chiefly by 
the auricular branch of the vagus. Nerve of special sense 
of taste for the front part of the tongue, see p. 729. 
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sound side, and the smoothness of the paralyzed side, are very 
striking. 


8. Auditory Nerve: ‘auditory nerve arises by two roots 
from the posterior median fismre of the medulla oblongata, 
below the lower border of the pons Varolii. (Fig. 216.) In 


‘The Distribution of the Facial Nerve, and the Branches of the Cervical Plexus, 1, 
the facial nerve, escaping from the stytoamassold foramen, and crossing the ramus of the 
lower jaw; the parotid gland has been removed in onder 10 ahow the nerve more dit- 
thwctly; 2, the posterior auricular branch ; the digastric and styl-mastoid filaments sre 
seen cear the origin of thie branch; 1, temporal branches, comiuniesting with (4) the 
terasches of the frontal nerve ; 5, facial brane 
nerve, 7, facial branches, communicatieg 
branches, communicating with (10) the superficialis soll nerve, nad forming m plexus (11) 
‘rte the submaxillary gland, The distribution of the branches of the facial in a radiated 
irection over the side of the face, coustituies the pes anserinns; 12, the auricularis 
Fmagwus nerve, Coe Of the ascending branches of the cervical plexus ; 13, the oceipitalis 
dinor, xacending slong the posterior border of the steruo-mastold muscle ; 14, the super 
ficial and deep dexcensding Uranches of the cervical plexus 16, the xpinal acorsory nerve, 
giving off a branch 0 the external surtace of the tnpecius muscle; 16, the oceipitalis 
nao nerve, the posterior branch of the second cervical nerve. 


the floor of the fourth ventricle, below its widest part, are a 
number of transverse white strim. (Fig. 218.) These are the 
fibres'of the posterior root, which arise from a gray nucleus 
beneath them, which is connected with the white substance 
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of the cerebellum, ‘These fibres pass ontwands, winding around 
the restiform body. ‘Tho deep or anterior root is irde to the 
borders of the calamus scriptorius, and into the cerebellum 
especially. This root passes inwards around the restiform 
body to meet the other root, and thus embraces this part of 
the medulla, Some of the fibres decussate in the floor of the 
fourth ventricle. 

‘This nerve accompanies the fucial into the internal auditory 
meatus, and at the bottom of it divides into the cochlear and 
vestibular branches, which supply the internal ear. The coch- 
lear branch is distributed to the cochlea; the vestibular branch 
to the saonull and inalgireulas canals Within the meatus 
the auditory nerve receives several filaments from the facial.] 
It is the special nerve of hearing; afferent nerve for impulses 
other than auditory proceeding the semicircular canals, 


9. Gi ‘losso-pharyngeal 
fy four on tevelletatlon page 


medulla oblongata, posterior to the olivary 

These fibres have their deep origin in a rae whit 

uated below and beneath the nucleus of the anditory nerve. 

The nucleus of the glosso-ph: is « continuation of the 

same series of cells which give origin to the spinal accessory 

and pneumogastric nerves, ‘The nerve makes ite exit from 

the cranium through the jugular foramen in company with 

the We piper and spinal 79 ‘i rk the its Pe 
we nerve its two on its trun! yer aM 

= fee mm the peeal gendl Srey which 

connect ee nerve with the elie. ny 

thetic nerves. It sends a special branch to me ear, ead in the 

tympanic branch. It divides into two hs ericea! 

of which is distributed te the pharynx and i famediately 

surrounding; the other going to the tongue (Fig, 220).] Motor 


nerve for levator palati, uvul in yh 
strietor faucinm Trellis the motor fin ratohe of this eres 


have been dispiet Special nerve of taste for the back of 
the tongue. General nerve of sensation for the root of the 
tongue, the soft palate, the pharynx (1 here asociated 
with the vagus), t pee meet: tebe and reat 


10. Egimagearte— Pages 
Pesan ite bundles of tt bh Nhl the ee 
a 


body and below the tof sae tho gh 
nerve. (Fig. 216.) Fuse fibres have their deep 
gray nucleus, which is situated Talla tha auclares ot Hg gglosen- 
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harynygeal, with its upper ‘ion projecting somewhat above 
he hee is co aeietins Tow of tho ventricle. ‘The 
fibres from the nucleus downwards and outwards 
Gone the medulla oblongata, and emerge at the point above 
|. It makes ita exit from the cranium th fhe jug 


bates Sed es lion inferius), through which it is 
secon ent jion inferius), throu ich it is con- 
el meses igh 


nected with the accessory (a portion ), h; los 
sal, loop of the first and second palatine pathetic aa 

[The nerve passes down the neck in the sheath of the great 
bloodvessels, and is distributed to the different parts below 
ily v 

Efferent Fibres: Motor nerve for the museles of the pharynx, 
for the movements of the @sophagus (see p. 371), of the stom- 
ach (see p. 372), of the intestines (see p. $69), for the muscles 
of the x, possibly fbr the in muscular fibres of the 
trachea and bronchial divisions, —Vaso-motor fibres for lungs. 
Inhibitory nerve of the heart. Trophic fibres for lungs and 
heart (see p. 597), 

Afferent Fibres: Sensory nerve of the respiratory passages, 
and of the pharynx, osophagus, and stomach. Afferent nerve, 
augmenting and inhibiting, of the respiratory centre (see p, 
455), afferent inhibitory nerve (¢  braneh) of the me- 
dally vasomotor centre oor ), afferent nerve produce 
ing salivary secretion (see p. 840), inhibiting pancreatic secre- 
tion (see p. 349). 


According to Steiner,’ the vagus in the rabbit may be easily dis- 
sected into two strands, an outer one containing the afferent, and an 
inner one containing the efferent. fibres, 


11, Spinal Accessory —[The spinal accessory nerve arises by 
eight or ten filaments from the jee tract of the cord, below 
the point of origin of the pneu tric. The spinal accessory 
nerve consists of two portions, the accessory and xpinal. (Fig, 
216.) The accestory portion joins the pnéumogastric nerve, 
aa has been previously stated. The fibres have their deep 
origin in a gray nucleus, in the lower part of the medulla and 
upper part of the spinal cord, which is continuous above with 
the nucleus of the pneumogastric, and below with the remains 
1 Michaolson, Mitth. a. d. Kinigebergor physiol. Lab. (1878), p. 85. 
? Arch, f. Anat. a, Phys, (Phys. Abth.), 1878, p. 216, 
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of pocnmogastric ; 4, glestopharyngeal werve: &, Tingual nerve (fifth) ; 6, spinabwcces« 
xory werve ; 7, constrictor of pharynx; 8, internal jugular vein (cet); 9, aspexior 
Laryngeal verve, 10, ganglion of trunk. of pncamogastric nerve: 12, hypoglossal nerve 
(oan), on hyoglossus ; 12, ditto (cot), communicating with eighth and first cervical nerve: 
15, external larynges) nerve; 14, second cervical nerve looping with first; 15, pharya- 
geal plexux on inferior constrictor} 16, superior cervical ganglion of sympathetic: 17, 
cxperior cardiac nerve of eric : 1%, third cervical nerve: 19, thyreld body: 20, 
fou cervical nerve; 21, left recurrent laryages! merve ; 22, spinal accessory, commu 
sicating with cervical nerves; 23, trachea ; §M, triddle cervical ganglion of xyarpathetic: 
23, middle cardiac nerve of poremopastric; 2%, plirenic nerve (cut); 77, left carotid are 
very (cut); 28, wacheal plexus, 22, phrenic werve (cur), 90, inferior cervical gangiion 
ed sympathetic; 81, pulmonary plexus of pocumogasttic ; 32, sech of thorweke warta ; 33, 
esophageal plexas) #4, vena atygoe superior; 8}, vesa azygox slsor; SM, gangllated 
cord of sympathetic.) 


seem to be 
in them. 
ae 

do away 
larynx. movements of soph: and stomach, 
bourse tio wel aaa t nerve, the 
accessory fibres seem to have no share. The cardiac inhibi- 
tory fibres seem to be distinctly of accesory origin. 


12. My hypoglossal nerve arises by twelve 
or fifteen bundles from the groove between the anterior pyra- 
mid and the olivary body, in a line eo ling to the 
antero-lateral groove in the cord. The fibres have their deep 
origin in an el ah aay gray nucleus situated in the floor of 


the fourth ventricle at its inferior part, near the median line 
and internal to the nucleus of the spinal accessory, pneumo- 
gastric, and gloso-pharyngeal nerves, The nerve makes its 
exit from the crantum through the anterior condyloid fora- 
men.) Motor nerve for the muzeles of the tongue, and for all 
the muscles connected with the hyoid bone, except the digas- 
trie, stylo-hyoid, mylo-byoid, and middle constrictor of the 
pharynx ; it also supplies the sterno-thyroid. Tt reoeives sen- 
sory fibres from the ith and vagus, and is also connected with 
the three w I nerves as well as with the sy 

ome intimate connection ¢ 
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CHAPTER VIL 
SPECIAL MUSCULAR MECHANISMS. 
[Phe Physiological Anatomy of the Larynx. 
‘Tue larynx is a membrano-cartilaginous chamber, broader 


above than below, and situated in the anterior median portion 
of the neck. It consists of 4 number of cartilages, which are 


hone; 4, thyrold caretlage; m, cricold cartilage: 2, 
the mares; 3, isthinas Guctem, 4, mperior opening of arya 
pastage lato cesophagas ; 6, mouth of right Eustachian ube, 


articulated with each other, connected by ligaments, moved 
by a number of muscles, and lined by a mucous membrane 
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ventricle, which leads to. space mnning upwards and behind 
the false vocal cords, called the aaecufus laryngis. The mucous 
membrane lining this suc contains a great number of fol- 


Fro. 2, 
es 


Fig. 751.—View of the Larynx and part of the Traches frum behind, with the sus 
cles dimectod. 4, the body of the kyold bane ; ¢, epightsls; #, the posterior borders 
‘of the shyrold cartilage ; ¢, the median ridge of the cricoid: #, upper part of she ary 
tencid ; £, placed on ene of the oblique fasciculi of the mrytendid muscle ; 6, let posterior 
erico-arytencéd matcle ; ends of the incomplete cartilaginoss rings of the trachea: J, 
fitecus raembrane crossing the back of the trachea ; #, mancular fibres expoted in a part 
fron Quain's Amateory), 


Fin, itt —View of the Larynx from above. 1, aperture of glottis; 2, arytenold car- 
tilages : 3, vocal cords; 4, posterior crico-arytenolé muncles ; 6, lateral cricoarytenoid 
muscle of right side, thas of left site removed : 6, aryoenold muscle ; 7, thyro-atytoxoid 
tmuncle of left side, that of right side removed; 8, thyrodd cartilage; 9, crécoid cartilage 
1%, potterice crico-arytencid ligament. With the cxcepeion of the arytenoid muscle, this 
diagram is » copy from Mr. Willis’s figure. 


Fea. 253.—Vitw of the upper part of the Laryax as seen by means of the Laryngo- 
scope duriag the Utierance of a Grave Note. ¢; eplylotte; 2, tbe cartilages ef Sastorial ; 
4, arytenoid carndages ; 4, hate of the tonges; 4, the posterior wall of the pharyna. 


lieular glands, which discharge a mucous secretion for the 
purpces of lubricating the true vocal cords, 
Between the true vocal cords is an opening which is called 
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the respective lengths of their vocal cords, Their fension is on 
the contrary variable; and the chief problems connected with 
the voice refer to variations in the tension of the vocal cords, 
(3) Quality, This depends on the number and character of 


‘The Larynx as seen by menos of the Lazyngecepe in different conditions of the Glotts 
(Grom Quain’s Amasomy)—Atter Cera axe 

A, while singing a high now: £, la quiet brea C, during & deep inspiration, 
The corespooding diagmmmatic figures 4’, 8',C’, Musteate the changes in position of 
the aryteneid cartilages, aad the form of the rims vocalis and rima rexpiraiorle in the 
abowe three conditions, 

1, the Bane of the tongue: ¢, the upper fee part of the epiglottin: «, dhe tubertle or 
ciakilon of the epiglottin: pk, part of the anterlor wall of the pharynx behied the larynx 
se, swelling in the aryseneepiglottidenn fold caused by the cartilage of Websberg. 
swelling Gusied by the cartilage of Santorini; a, the summit of the arytesokd carta 
‘ep, the true vocal cords ; cee, the false vocal cords; ¢r, the trachea with its rings: 4 the 
two bronchi at their commencement, 


the overtones acoompanying any fundamental note sounded, 


and is determined by a variety of circumstances, chief among 
which is the physical quality of the cords. 
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edge of the arytenoid cartilage of the same side ; (3) the thyro- 

ides internus, passing from the angle of hy thyroid 
cartilage to the procetays vocalia and outer side of the ary- 
tenoid cartilage ; (4) the ay ideus ( postions), passing trans- 
yersely from one arytenoid cartilage to another. these 
muscles, when they act together, round the glottis and 
tond to close it up; and each of them, seting alone, has, with 
the exception of the last-named (arytencideus), the same effect. 
Tn addition to these, the cric-arytenoideus lateralia, which 
passes from the lateral border of the cricoid cartilage upwards 
and backwards to the outer angle of the arytenoid, by pulling 
this outer angle forwards throws the processus vocalis inwards, 
and so also narrows the glottis. 


Widening of the Glottis—The crico-arytenoideus poeticus, 
passing from the nt ppt surface of the cricoid to 
the outer angle of the arytenoid cartilage behind the attach- 
ment of the I crico-arytenoideus, pulls back this outer 
Prine 80 verge, te processus: jis to move outwards, 
wid vie lottis. arytencidews postieus, acting alone, has 
a similar 


of the Vocal Cords—The crico-thyroidews pulla 
the id downwards and forwards, and eo increases the dis- 
tance between that cartilage and the arytenoids when the 
latter are fixed. Supposing then the arytenoideus and erico- 
arytenoideus yeas to fix the arytendids, the effvet of the 
contraction of the crico-thyroideus would be to tighten the 


Slackening of the Vocal Cords.—This is effected by the 
whole of the sphincter group just mentioned, but more expo- 
cially by the thyro-erytenoide: externa and internus ; these act 

, supposing the arytenoid cartilages to be fixed, woul 
pull the thyroid cartilage upwards and backwards, and so 
shorten the distance between the processus vocales and that 


body. 

Thus almost every movement of the larynx is effected not 
by one muscle only, but_by several, or at least by more than 
one, acting in concert. The movements which give rise to the 
voice are preeminently combined and co-ordinate movements, 
When we remember how a very slight variation of the tension 
of the vocal cords must give rise to 2 marked difference in the 

itch of the note uttered, and yet what a multitude of fine dif- 
ferences of pitch are at the command of a singer of even 

m 
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the change is one of constriction. When the peripheral portion 
of one récurrent nerve is stimulated, the vocal cord of the same 
side is approximated to the middle line; when both nerves 
are-stimulated, the yocal cords are brought, er and the 
is narrowed. Though the nerve is distributed to both 
and constricting, muscles, the latter overcome the 
former when the nerve is artificially stimulated. In the com- 
plete closure of the which ix so important a part of the 
act of coughing (p. 481), the p of muscles which we have 
spoken of a# constituting a sphincter is thrown into forcible 
contractions by the recurrent laryngeal nerve. 
Though fundamentally a voluntary act, the utterance of a 
iven note is not by the direct of simple voli- 
ulses down to the laryngeal rete So complex 
and i & movement as that of sounding even «simple 
and natural note, requires a co-ordinating nervous mechanism 
in which, as in other complex muscular actions, afferent im- 
pulses play an important part. Auditory sensations, if not as 
Important for an aceurate management of the voice as are 
visual sensations for the movements of the eye, are yet of 
prime importance. This is recognized when we say that such 
and such a one whoee power over his laryngeal muscles is im- 
perfect, “has no ear.” 


The ‘falsetto’ voice is one not at present clearly understood. 
are seen to be wide apart 


yerpae 


of a8 


of notes, the. cords vibrating along their whole. le in the chest 
notes, and along their anterior ions only in the high falsetto 
notes. According to hin, therefore, the high notes are the result 
ing’ of the vocal cords, but whethor this is offected by 

i -arytenoidens intern 


if 
probable that the falsetto notes 
since they may hy exereisa be ittered with 
cliange from the chest to the falsetto range 


© De In Voix, Paris, 1877. 








Every sound, or every note (for all voeal sounds 
sidered by themselves are musical sounds), caused 
vibrations of the vocal cords, besides its loudness due to 
force of the expiratory blasts and its piteh due to the 
of the cords, has a quality of its own, due to the number and 
relative prominence of the overtones which aecomy 
Pat reese tone, Some aw these fare which Bs vane the 
quality are imposed on note nature vocal 
cords, but still more arise from various modifications which 
the relative intensities of the overtones undergo through the 
resonance of the cavity of the mouth and throat. Whenever 
we hear a note sounded by the larynx we are able to reeog- 
nize in it features which enable us to state that one or other of 


i 
tones vl about by the shape 


assumed by 

es and orifices, as the vibrations 
ihon "Hack rol bas ts sppipie aed nates. dap 
mr 
ing-tal Wy 
the laryrix raion aad he Ii 
of the mouth taking on the 
row neck, During the giving out of e(a in fat) the shape of 
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the mouth is similar, but somewhat | » For the i proden- 
tion of a (us in father) the mouth is widely open, so the 
et he nh rte ete apa idee oy proshe bony 

x. 6, cal cavity is i aped, 
Fieh tho tiouth ancpe, closed thas in & but-ihe i peeps 
being retracted as in i and ¢, are somewhat py 


and the lips protruded as mu 
latter vowels are bei 


cavity is that of a 


Each, of these various ‘‘yowel’’ forms of the mouth possesses a 
note of its own, one towards which it acts as a resonance chamber. 
Thus, if several toning-forks of various pitch be held while sound- 
ing before a mouth which has assumed the particular form necemary 
for sounding U, it will be found that the resonance will be particu- 

with the fork having the pitch of the bass @-flat.  Simi- 
itch of the treble 4 will be more intensified by the mouth 
correspond. 


larly 
larly the pil b 
moulded to sound O, the octave b, above the treble, wil 
to A, another octave higher to B, and still an octave higher to L, 


And it is the experience of singers vowel is sung with 
peculiar ease on a note having a prominent overtone cor i 
to the tone proper to the mouth when moulded to utter the vowel, 
‘The precise nature of the vowel sounds, however, requires further 
investigation.’ 


As the vibrations are travelling through the | 6,0 
and buecal cavities, the rior nares are closed by the soft 
palate; and it may be shown, by holding # flame before the 

‘il, that no current of air issues from the nose when a 
vowel ia rly said or sung. When the posterior nares are 
not el ly closed the sound acquires 8 nasal character. 
‘The same ha| when the anterior nares are cloged, as 
when the nose is held between the fingers, the naeal chamber 
then forming # cavity of resonance. 


Consonants. 


Vowels are, as their name implies, the only real vocal 
sounds; it is only on a vowel that a note can be said or sung. 
Our speech, however, is made up not only of vowels, but also 
of consonants, i. ¢., of sounds which are produced not by the 





Of. Jenkin und Ewing, Nature, 1878, p. 167 et s00, 
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vibrations of the yocal cords, but by the i Diast 
being in various ways interrupted, or of ccwicn: wandled int 
its course through the throat and mouth, 

‘The distinction between the two is, however, not an abe 
Jute one, since, as we have seen, the characters of the sever! 
vowels depend on the form of the mouth, and in the 
tion of some consonants (B, D, M, N, ete.) vibrations of the 
vocal cords form a necessary, though adjuvant, faotor. 

Consonants have been classified according to the place at 
which the characteristic interruption or modification takes 
place. Thus it may occur: 


1. At the lips, by the movement or position of the lips in 
reference to each other or to the teeth, giving rise to 
consonants. 


2. At the teeth, by the movement or position of the front 
part of the tongue in reference to the or the hard palate, 
giving rise to dental consonants. 


8. In the throat, by the movement or position of the root 
of the tongue in reference to the soft palate or pharynx, giv- 
ing rise to gulfwral consonants. 


~ Among the dentals again may be distinguished the dentals 
commonly so called, such as T, the sibilants such a8 8, and 
the lingual L, all differing in the relative position of the 
tongue, teeth, and palate. 

onsonants may also be classified according to the char- 
acter of the movements which give rise to them. Thos they 
may be either explosite or continuous, 


1. Explosives—In these the characters are given to the 
sound by the sudden establishment or removal of the 
priate interruption. Thus, in uttering the labial P, the Ii 
are first closed, then an expiratory current of air is driven 
against them, and, upon their being suddenly opened, the 
sound is generated. Similarly, the dental T is 
the sudden removal of the interruption caused by the approxi- 
mation of the tip of the tongue tothe front of the hard 
palate, and the guttural K by the sudden removal of the ins 
terruption caused by the approximation of the reot-of the 
tongue to the soft palate. 

he labial B differs from P, inasmuch as it ie accompanied 

by vibrations of the vocal cords (that is, a vowel sound is 
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uttered at the same time), and these vibrations continue after 
the removal of the interruption, Hence B is often sj of 
ax being uttered with voice. and P without voice; and D and 
G (hand) with voice bear the same relation to T and K with- 
‘out voice, 


The continwous consonants may further be divided into: 


2. Aapirates—In these the sound is generated by « rush of 
air through a constriction formed by the partial closure of the 
lips, or by the raising of the tongue against the hard or soft 
palate, ete. Thus F is sounded when the lips are brought 
into partial, and not as in P and B into complete, approxima- 
tion, and a current of air is driven through the narrowil 
opening. F is uttered without any accompanying vibentisn of 
the vocal cords, i. ¢., without voice. With voice it becomes V. 

The sibilant § is formed by a rush of air past an obstruc- - 
tion caused by the partial tees of the teeth, the front of 
the tongue being depressed at the eame time; and S accom- 
panied with vibrations of the vocal cords becomes Z, 

In Sh the dorsal surface of the tongue is raised so as to 
narrow the passage between that organ and the palate for a 
considerable portion of its length, 

Th is formed by placing the tongue between the two par- 
tially open rows of teeth; and the hard and soft Th bear to 
each other the same relation as do P and B. 

L is produced when the passage is closed in the middle by 
pressing the tip of the tongue against the hard palate, and 
the air is allowed to eacape at the sides of the tongue. 

When the constriction in an ‘aspirate is formed by the 
approximation of the root of the tongue to the soft palate, we 
have the guttural CH (as in loch) without voice, and GH (as 
in lough) with voice. 


8. Resonants.—In these, all of which must have vibrations 
of the vocal cords asa basis, the usual passage through the 
mouth is closed either in a labial, dental, or guttural fashion, 
and the peculiar character is given to the sound by the ni 
chambers acting as a resonance cavity. ‘Thus in M the pass- 
age is closed by the approximation of the lips, in N by the 
sycocinetin of the tongue to the hard palate, and in NG by 
the approximation of the root of the tongue to the soft palate. 


4. The various forms of R are often spoken: of as vibratory, 
the characteristic sounds being caused by the vibration of 
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Src. 3. Locomoror Mecannors. 


oe eel sabes di the me ter : gen 
on the bones and cartilages as on levers, examples ie 
kind of lever being rare, and those of the thied kind, where 
the power is ap; nearer to the fulcrum than is the weight, 
ing more common than the second. (Fig. 235.) This arises 
from the fact that the movements of the body are chiefly 
directed to moving com ively light weights through a 
great distance, or through a certain co with 
cision, rather than to moving heayy weights th 
distance, The fulerum is generally supplied by a (pe 
imperfect) joint, and one, end of the acting muscle is made 


[Fes. 285, 


w 


etretion of the Thint Kind of Lever. 4) falerum; /, power: 1, wenght.] 


fast by being attached either to a fixed point, or to some point 
rendered fixed for the time being by the contraction of other 
muscles. There are few movements of the body in which one 
muscle only is concerned; in the majority of cases 
muscles act together in concert; nearly all our movements 
are co-ordinate movements. Where gravity or the elastic re- 
action of the parts acted on does not afford a sufficient an- 
tagonism to the contraction of @ muscle or group of muscles, 
the return to the condition of equilibrium is provided for by 
the action wither elastic or contractile of a set of antagonistic 
muscles; this is seen in the case of the face. 


The erect posture, in which the weight of the body is borne 
by the plantar arches, is the result of a series of contractions 
72 
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of the muscles of the trunk and legs, having for their object 

the keeping the bedy in, such a position that the line of 

gravity falls within the area of the feet. That this does ne- 

quire muscular exertion is shown by the facts that a 

when standing perfectly at rest in’ a completely y 
‘ition falls when he feats unconscious, and that a dead 


dy cannot be set on its feet. The line of gravity of the 
head falls in front of the occipital articulation, as is 
yy the nodding of the head in sleep. The centre ES prs 
ol 


the combined head and trunk lies at about the levi 
ensiform cartilage, in front of the tenth dorsal vertebra, and 
the line of gravity drawn from it passes behind a Hine josning 
the centres of the two hip-joints, so that the erect hody woul 
fall backward were it not for the action of the 
ing from the thighs to the pelvis assisted by the anterior li 
ments of the ioe ¢ line of gravity of the combined 
head, trunk, and thighs falls moreover a little behind the 
knee-joints, «0 that sume, though little, muscular, exertion is 
required to prevent the knees from bemg bent, Lastly, 
line of gravity of the whole body passes in front of the 
drawn between the two ankle-joints, the centre of gravity 
the whole body being placed ai the end of the sacram; hence 
some exertion of the muscles of the calyes is required to pre- 
vent the body falling forwards. 


In walking, there is in each step a moment at which the 
body rests vertically on the foot of one, aay the left leg, while 


[Fic 230, 


1 2 8 4 


the other, the right leg, is inclined obliquely 

heel raised and tho toe resting on the ground, 

‘The right leg, slightly flexed to avoid contact wi 

is then swung forward like a pendulum (4), the J 

‘swing or step being determined by the length of the log: 
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the right toc' is brought to the ground. On this right toe as 
a fulcram, the body is moved forward, the centre of gravity 
of the body describing a curve the convexity of which is up- 
ward, and the right leg necessaril becoming straight and 
rigid. ‘As the body moves forward, a point will be reached 
similar to that with which we suppeeed the step to be started, 
the body resting vertically on the left foot, and the right leg 
being directed Bohind in an oblique position. The movement 
on the right foot, however, carries the body beyond this point, 
and in doing’ so swings the left leg forward until it i the 
length of & step in advance of its previous position, and its 
toe in turn forms a fulcrum on which the body, and with it 
the right leg, i# again swong forward. Hence in successive 
steps the centre of gravity, and with it the top of the head, 
describes @ series of consecutive curves, with their convexities 
upwards, very similar to the line of flight of many birds. 
Since in standing on both fect the dine of gravity falls be- 
tween the two feet, a lateral displacement of the contre of 
ravity i# necessary in order to balance the body on one foot. 
lence in walking, the centre of gravity describes not only a 
series of vertical, but’ also a series of horizontal curves, inas- 
much as at each step the line al hg is made to fall alter- 
nately on each standing foot. ile the left leg is swinging, 
the line of gravity falls within the area of the nght foot, and 
the centre of gravity is on the right side of the pelvis. As 
the left foot becomes the standing foot, the centre of gravity 
ix shifted to the left side of the pelvis. The actual curve 
ribed by the centre of gravity is therefore a somewhat 
plicated one, being composed of vertical and horizontal 
factors, The natural step is the one which is determined. by 
the length of the swinging leg, since this acts as a pendulum ; 
and hence the step of a long-legged person is naturally longer 
than that of a person with short legs. ‘The length of the xtep, 
however, may be diminished or increased by a direct muscu- 
lar effort, as when a line of soldiers keep step in spite of their 
having legs of different lengths. Such a mode of marching 
must. obviously be fatiguing, inasmuch as it involyes an un- 
necessary expenditure of energy. 
In slow walking there is an appreciable time during which, 
while one foot is already in position to serve as a fulcrum, the 
other, swinging, foot has not yet left the ground, In fast 


' This indicates perhaps what sboald be done rather than the actual 
practice ; mest people put the heel to the ground first, the contact with 
the toe coming later. 








BOOK IV, 


THE TISSUES AND MECHANISMS OF 
REPRODUCTION, 


Many of the individual constituent parts of the body are 
capable of reproduction, i. ¢., they can give rite to parts like 
themselves; or they are capable of regeneration, 1. ¢., their 
— ean be taken by new parts more or less closely resem- 
bling themselves. The elementary tissues undergo during life 
a very large amount of regeneration. Thus the old epitheliam 
scales which fall away from the surface of the body are sue- 
ceeded by new scales from the underlying layers of the 
epidermis ; old blood-corpuscles give place to new ones; worn- 
out museles, or those which have failed from disease, are 
renewed by the accession of fresh fibres; divided nerves row 
again; broken bones are united; connective tissue scems to 
disappear and appear almost without limit; new secreting 
cells take the place of the old’ ones which are east off; in fact, 
with the exception of some cases, such a8 cartilage, and these 
doubtful exceptions, all those fundamental tissues of the body 
which do not form part of highly differentiated 8 Are, 
within limits fixed more by bulk than by anything else, eapa- 
ble of regeneration. That regeneration by substitution of 
molecules, which is the basis of all life, is accompanied by a 
regeneration by substitution of masa. 

In the higher animals regeneration of whole organs and 
members, even of those whoee continued functional activity 
is not essential to the well-being of the body, is never wit- 
nessed, though it may be seen in the lower animals; the digits 
of a newt may be restored by growth, but not those of a man. 
And the repair which follows even partial destruction of 
highly differentiated organs, such as the retina, is in the higher 
animals very imperfect. 

Tn the higher animals the reproduction of the whole indi- 
vidual can be effected in no other way than by the process of 
sexual generation, through which the female re mntative 
element or ovum is, under the influence of the male represent- 
ative or spermatozoon, developed into an adult individual. 

{ 867) 
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from the neck to the end of the organ, projects into the 
vagins, at which point it is marked by a transverse fissure, 
the os uteri. 

The cavity of the uterus is somewhat triangular in shape, 
and yery much flattened antero-posteriorly, The inferior angle 
of the cavity is continuous with the canal running throu; 
the cervix to the vagina. The superior angle are called the 
cornua; at the bottom of each is an orifice of a Fallopian tube, 


Fre. ea, 


Diagrammatic View of the Uterm and lt Apperdages, as seen from behind (frees 
QUAI), 4. —Th wtenat and wpper part of the Vagina have been laid open by removing 
the posterior wall; the Fatopian tube, round ligament, and ovarian ligament have bean 
cut Short, sad the Sread ligament removed on the feft side; w, the apper part of the 
uterus; ¢, the cervix opposite the os internum; the triangular shape of the uterine 
cavity fs shows, and tke dilation of the cervical cavity with she rug, termed arbor vitary 
», upper part of the vagiea: ad, Fallopian tube or oviduct; the narrow communication 
eins cavity with that ef the commu of the titerus on each aide ix neon; f, round ligament: 
Ze, ligatment of the ovary | #, Ovary | 4, wide outer part of the right Falloplan tube; 
ts fimbelatedd extremity: fo, parovasium ; 4, on6 of the byatids frequently found con. 
pected with the Uroad ligament. 


‘The uterus is composed of three coats: a serous (formed by 

the peritoneum), muscular, and a mucous coat. The mucous 

coat is continuous with that lining the Fallopian tubes and 

i It is covered with columnar ciliated epithelium, and, 

if examined with a lens, Teooprntnge of the mucous follicles 
y 


will be seen to be prot distributed over the surface. 
If a vertical section be made as in Fig. 238, the tabules will 
be seen to be arranged perpendicularly to the surface, havi 
a wavy course. In the impregnated uterus they become mu 
swollen and enlarged, The muovus membrane lining the cer- 
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upon the organs which secrete the male fluid by which the 
ovule is impregnated. Our remarks will, therefore, be almost, 
Para pions bes cial cian in the secretion of 
is fluid, ” 
‘The male organs comprise the penis or organ of copulation, 


Fro, 29. 


View of a Section of the Prepared Ovary of the Cat—After Scumix, 6:1. 

1, owiee covering and free border of the ovary: 1', attached bonder; 2, the ovarian 
stroma, preseating a Gbrous and vascear structure ; 2, granular substance lying external 
to the fibrous stroma; 4, Bloodwensels; 5, avigerms In thelr earliest stages occupying & 
part of the granatar layer near the wirtace ; 6, ovigersis which have begun to enlarge and 
te pass more deeply into the ovary; 7, ovigerms reand which the Grasfian follieke amd 
tunica granulosa are pow formed, and whieh have passed semewhat deeper into the ovary 
and are surrounded by the fibrous stromay 8, more advanced Graafian Salticte withe che 
‘ovum imbedded in the layer of cells constituting the proligerous disk ; 9, the mest ad- 
‘anced follicle containing the ovum, ete. ; 9, 2 fillicle from which the orurm ant acci- 
dentally escaped ; 10, corpus luteum, 


the prostate and Cowper's glands, the testicles, and vasa defer- 
entin and vesicule seminales, 

The prostate gland surrounds the neck of the bladder and 
commencement of the urethra (Fig, 240). Itsecretes a milky 
fluid, which is conveyed by the prostatic ducts to the floor of 
the urethra. Cowper's glands are two small glands which are 
situated Iorechtke layers of the deep perineal fascia at the 
anterior of the membranous urethra, secrete & 
hire fluid, which: is conveyed by ducts to the floor of the 
w ira. 

The testes or testicles are two small flattened ovoidal glands, 
which are situated in « musculo-membranons ealled the 
scrotum, and suspended by the spermatic Each testicle 





Fic, 200.—The Base of the Male Bladder, with the Vesicube Sembeales and Prostate 
Gland,—Ater Harsxx. 

1, the urinary blader; 2, the tongicwlinal Layer of muscular fibres: 3, the prostate 
gland; 4, membranous portion of tbe urethra; 5, the ureters; 6, Noodresiels 7, left: 
8, right vas deferens; 0, beft serainal vesicte In ite nareral position 1, ductus wlacetiny 
vorius of the teft side waversing the prostate sland: 11. right wersinal vesicle injected 
and unravelied ; 12, 18, blind pouches of vesiedle ; 
eraing the prostate, 

Fic. Le. lobules: 4, vasa recta; ¢) mediassinum ; a 
epididymis; /, rete testes : ¢. ghebus minor: A, vas Geferess ; /,eenica albugioes atd bis 
Innertobatar reflections ; 4, globus major. 


the tunien vaginalis. The substance of the gland consists of « 
number of pyramidal! lobular divisions, which are situated 
with their bases towards the surface. Each lobule is eom- 
posed of several convoluted tubuli seminiferi, and are sepa- 
rated from adjoining lobules by prolongation of fibrous tissue 
from the tunica albuginea. The tubules are composed of a 
homogeneous basement membrane, which is lined by granular 
nucleated epithelium. In the apices of the lobules they have 
a straight course and form the ruse rea. They then enter 
the fibrous tissue of the mediastinum (Fig. 241), and form a 
plexus of tubes called the rete testis, which end in the 

part of the mediastinum as the vasa eferentia, and these 
coming very much convoluted form the globus major or head 
of the epididymis, The tubules of the globus major unite to 
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form a single tube, which is very much convoluted, and con+ 
stitutes the body and globus minor of the epididymis, and is 
then continued from the globus minor to the of the 
bladder as the excretory duct or ems 2 
The commencing at the globus minor ascends 


sacculated, 
joins with the duct of the vesicula seminalis 
mon ejaculatory duct. Tho walls of the vas deferens are 
compesed of fibrous and muscular tissue, which is lined by a 
mucous membrane with columnar epitheliam. 
‘The vesicular seminales are two elongated sacculated bodies, 


Fra, 2. 
a _ 
£ ba ‘ +, 
B " Q 
4 i 8 


el ye 


2 


yp 
A, Spermaionos from the Human Vas Deferens.—Aher Konamcex. 
1, magnified 350 Gameters; 2, magnified 800 diameters; 2, from the side; 4, frem 
abors, 


B, Spermatic Cells and Spermatozoa of the Bull urdengving development. —After 
Koren, 21, 
4, spermatic cells, with one or two muclel, ome Of them clear: 2, 3, free muctel, with 
wpcrecatic flanents forming; 4, the filaments clongated amd the body widesed ; 5, fila 
ments nearly falty developed. 


placed external to the vasa deferentia. The structure of the 
seminal vesicles is similar to that of the yas deferentia, con- 
sisting of a fibromuscular wall lined with a mucous mem- 
brane, which is eovered by granular, nucleated, pol: 1 
epithelium celle. These o1 serve as receptacles for the 
seminal fluid secreted by testes, and at the same time 
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CHAPTER IL. 
MENSTRUATION. 


From puberty, which occurs at from 19 to 17 years of age, 
to the clinigeteric, which arrives at from 45 to 50 years of age, 
the human female is subject to a monthly discharge of ova 
from’ thé ovaries, accompanied by aera changes, not only 
in these organs, but athe in the Fallopian tubes and uterus, 
‘as well as by general changes in the body at large, the whole 
constituting “menstruation.” The essential event in menstru- 
ation is the escape of an ovule from its Graafian follicle (Pig: 
248). The whole ovary at this time becomes congested, and 


the ripe follicle bulging from the surface of the Not 
grasped by the trampet-shaped fringed opening of the Fal- 


Fis. 243.—Section of the Graafun Fellicle of a Mammal (ater Vox Baws) 1, stroma 
of the ovary with blsodvesselt; 2, peritoneum; 3 and 4, layers of the external coat of 
the Graafian follicle: 5, membrana gramdiow : 6, fit of the Graaflen fellicle : 7, gran- 
lar 200¢, or discus proligerus, containing the ovule (8). 

¥15, 244 —Ovele of the Sow (after Raney). 1, germinal spot; 2, germinal vesicle; 3, 
yolk: 4, toms peltucida ; 5, discus proligeras : 6, axthereut granutes or celle. | 


lopian tube, itself turgid and congested; by what mechanism 
this ix effected is not exactly known, The most projecting 
portion of the wall of the follicle, which has previously be- 
come excessively thin, is now ruptured, and the ovule, which, 
having left its ‘earlier position, is lying close under the 

jecting surface of the fit ec, escapes, together with the cells 
of the discus proligarss (Fig, 244), into the Fallopian tube. 
Thence it travels downwards, very slowly, by the action prob- 
ably of the cilia lining the tube, though possibly its progress 
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been recorded in which menstruation continued after what 
appeared to be complete removal of both ovaries. And it 
seems probable, also, that under certain circumstances, ex. 
ge, coitus, a discharge of an ovule may take place at other 
times than atthe menstrual period. Since, however, the time 
during which both the ovyule and the spermatozoon may re- 
main in the female passages alive and functionally capable is 
considerable, probably extending to some days, coitus 

either some time after or some time before the menstrual escny 
of an ovule might lead to impregnation and subsequent de- 
velopment of an embryo; hence the fact that impregnation 
may follow upon coitus at some time after or before menstrua- 


[Fra 240, 


ee6® 
© @ ©© 


Successive stages of the formation of the Corpus Latewin’ fu the Geaatian Fotllcle of 
the Sow, as weet in vertical section; at « in thown the state af the fellicle Immediately 
after the expulvion of the orule, Its cavity belag filled whh blood, apd go catensibile in 
crease of \ts epithelial lining having yet sakem place, at &, a thickening of this lining has 
Decome apparent: af ¢ it begins to present folds, which are deepened at d, and the clot 
of Liood is absorbed Aard Aasam, and at the same time decolorised ; a continuance of the 
same process, ax shows at ¢,/,, A, forms the corpas hiteum, wish Its delicate ciouteix.} 


tion, is no very cogent argument in favor of the view that 
such a coitus has caused an independent escape of an ovule. 
The escape of the ovule is suid to precede, rather than coin- 
cide with or follow, the catamenial flow.’ If no spermatozoa 
come in contact with the ovule it dies, the uterine mem! 
returns to its normal condition, and no trace of the discharge 
of an ovule is left, except the corpus luteum in the ovary. 
According to many authors the uterine mucous membrane is 
actually shed during menstruation, apd subvoquentiy entirely regen- 
erated. According to their view the hrmorrl discharge is due 


! Williams, Proc, Roy. Soc., xxiii, 499, 
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larged, and the usual mental accompaniments of the condition were 
present. Finally,‘one living and two dead puppics were born, the 
first without and the latter two with assistance; the mother, how- 
ever, sank soon afterwards from puerperal peritonitis, ‘The post- 
mortem examination showed that there had been no regeneration of 
the divided spinal cord; the two portions were separated by more 
than a centimeter. 

In this case the connection between the ovary on the one hand 
and the mammary gland, brain, ete., on the other, must, if a nery- 
ous one, have been furnished by the abdominal sympathetic. We 
may, however, suppose that the nexus was a chemical one; that 
the condition of the ovary and uterus effected a change in the 
blood, which in tarn excited the mammary gland to ineressed action 
and produced special changes in the brain, 
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CHAPTER II. 
IMPREGNATION. 


Tx coitus the disch of the semen containing the 
maton ert probably feed yan of the peat 
leferentia, 


contractions of the vesicule seminales and vasa 


upper ) come in 
nation may take place at the ovary itself. The of 
the spermatozoa is most probably effected mainly by their own 
vibratile activity; but in some animals a retrograde 
movement travelling from the uteras along the it 
tubes has been observed. This might suniat In bringing the 

semen to the evale but —— i oe movements a 
probably parts | act O1 tus impregnation 
deferred til] some time after thut event, no great etreoe Oe be 
laid upon them. 


The ascent of the spermatozoa is certainly puxzling if, the cilia of 

the Fallopian tubes, which act from pent e Es continae 

their uctivity after the escape of the ovale. The spermatonos 
' Plager'e Archiv, viii (1874), 


400. 
[* The unimpreguated egg is called Use ovule in contredlatingtion to 
the ovum oF Impregented ogg.) 


Le a. 
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dis they come in contact with the ovule become motionless: 
frige dian Abra la perme io ong traded rao 
reach the oyule. 


As the result of the action of the spermatozoa on the ovule, 
the latter instead of dying as when impregnation fails, awakes 
to Arent nutritive activity accompanied by remarkable mor- 
phological changes; it enlarges and develops into an embryo, 

(Preceding the time of the occurrence of the entrance of the 
spermatozoon into the egg, certain anatomical changes have 
been observed to occur, and in order to thoroughly understand 
these, as well as the changes which follow in the ovum, it will 
first be necessary to review the anatomy of the See. 

The ovule is a minute cell, the wall being formed by a 
structureless, transparent membrane, called the zona pellucida, 
or vitelline membrane. Within this is the yolk, or Vitalie 
which consists of a granular semi-fluid mass, haying suspend: 
in it a nucleus or germinal vesicle, containing a n or ger- 

Fis, 246, 
a 6 d 
Diagraims of the Various Stages of Cleavage of the Yolk.—After Daron. 

minal spot, The germinal vesicle consists of a very delicate 
transparent Irenipene membrane, which incloses a fluid 
with granules, and suspended in it, an eccentric nucleolus of 
a granular and fibrillated structure. 

vious to the occurrence of the impregnation of the ovule 
a very interesting series of changes have been observed to take 
place. According to Balfour," the first interesting point to be 
noticed is the migration of the germinal yesicle towards the 
cell wall, The vesicular wall then becomes wary and gradu- 
ally disappears, while at the same time the nucleolus or ger- 
minal spot has undergone metamorphosis, so that what remains 
of these structures is a spindle-shaped mast, One extremit 


of this mass gradually projects through the cell wall ar 
thrown off as a polar vevicle. From the other remaining por- 


"Sec Quarterly Journal of Microscopy, October, 1878, 


e 
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Tn front of the primitive trace two folds are formed from 
which groove ix a i backwards ino line with the 
rimitive trace. These folds gradually extend along the entire 
length of the groove, and form the lamine dorsales, which bi 
growing, project more and more above the groove, and pad 
ually approaching each other, coalesce and inclose the neural 
eanal, which will afterwards contain the cerebro-apinal axis. 
At about the same period corresponding to the development 
of the dorsal laminw similar laminw are given off from the 
under surface of the blastoderm. These are the damine ven- 
trales, which, by gradually enlarging and finally coalescing, 
inclose the abdominal cavity. Beneath the floor of the groove 
above described a delicate whitish collection of cells apy 
‘This is the choridla doraalis or notochord, around which are 
afterwards developed the bodies and processes of the vertebra. 

During this period other changes have also taken place. 
‘The cephalic and caudal extremities have become fi and 
form the by oes and caudal flerures; and the embryo also 
being curved upon itself laterally, the yitelline mass appears 
separated from it by a constriction, This constriction lually 
increasing, finally separates the vitelline mass as a vesicular 
body, it being connected with the body of the embryo by the 
vitelline duct. (Fig. 248.) The vesicular body thus formed 
is called the wnbitiow! vesiele, ‘This at first communicates with 
the intestinal cavity, but as development proceeds the duct of 
communication becomes closed and the vesicle is merely at- 
tached by a pedicle, and finally disuppears altogether, At 
the time of the development of the bloodyesels, vessels 
pear on the surtace of the umbilical vesicle, constituting the 
vascular area, the chief vessels being the omphalo-mesenteric 
arteries and veins. The vessels of the yascular area absorb 
the nutritive material contained within the vesicle and convey 
it to the embryo for itt sustenance, 

Shortly after the occurrence of the commencement of the 
formation of the umbilical vesicle, double folds, formed of the 
external layer of the blastoderm, are given off from the cepha- 
lic and caudal extremities and laterally, which curve around 
over the dorsal surface of the embryo, where they meet and 
coalesce, and their point of junction ming absorbed, form 
the amniotic cavity. (Figs. 248, 249, 250, and 252.) The 
outer layer of the fold, or false amnion, gradually expands 
and covers the whole of the internal surface of the vitelline 
membrane, which it ultimately replaces; the inner layer, or 
true amnion, is continuous with the skin of the embryo at the 
umbilicus, and closely envelops it. The amniotic cavity or 
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sac thus formed begragpedeerer en the liquor aronii, which 
meaendy increases in Fecene advances, up to 


preguancy: 
the fifth or sixth mre ees juantity gradually 
decreases up to the time of labor, bs J 
At about the time of the tof the development 
of the amnion a new organ, the allantois, appears as 8 pyriform 


Diagrammatic Section showing the Relation in a Mammal afd is Mas between the 
Primitive Alimeatary Canal and the Membeanes of the Ovust ‘Tht stage represenimt 
tn this diagras corresposds to that of the fifteenth or ueveutsenth dary tthe fruamau ems 
rye, peeviows to the expansion of the allastols: ¢, the villous chorigm: w, the amaion ; 
a, the place of convergence of the amniva asd reflection of the falve amuin, a” a", or 
outer or corseus layer; ¢, the head and trunk of the eaibtyo, comprining the, 
vertetem and cersbro-spial axis ; /, 7, the simple alimentary canal in its upperand tower 
portions; #, the yolk-eac or umbilical veicte; wf, the vitelline sects w, the wilaneots 
‘ecanccted Ly a pedicle with the anal portion of the alimentary canal. 


mass of cells at a point immediately posterior to the vitelline 
duet and Mt projecting through the same opening, (Fig. — 
‘This mass of cells undergoes rapid growth, 

between the Son and false amniotic folds, ly completely 
inelosing the em| bexo and amnion (Fig. 252), becraaing at the 
same time adjoined to the falee amnion, when it ix developed 
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into the true chorion. During the process of the development 
of the allantois, it has become mery vamenliee at first there are 


Fig, 249, 


#, Chorion with willi,. The vii are shown to be bait developed in the part of the 
‘chorion to whieh the allantois is extending ; this portion edeimately becomes the placenta ; 
4, space betwoes the two layers of the amnion ; ¢, amadotio cavity; of, siiuadion of the 
incescine, showing ses conmection with the umbilical wesicke; ¢, usnilical vesicle; /, 
situation of heart and vessels; g, allantois.—After Tow and Bowstaw, 


two arteries and two veins, afterwards one of the veins disap- 
pears. These vessels constitute the umbilical vessels, forming 


SE 
Fro, 251.—Diagram of Fecundated Ege. a, umbilical vesicle; 4, ammlotic cavity: ¢, 
allastols —After Daxrom, 
Fic, 252. ~Feoudated Egg with Allantois nearly complete, a, Inner layer of amaiotic 
fold ; b, outer layer of ditto ; ¢, point where the amalotic folds come in contact, The 
ailaatois is scen penetrating between the cuter and inser layers of the amméatic folds. 


+ This Sgure, which represeats oaly the amelotic folds and the parts within them, sboubd 


be compared with Figs. 249 wad 290, in whic will be found the structures external to 
these folds, 


part of the umbilical cord, which connects the allantois with 
the embryo. During the development of the allantois it pre- 





Via, 238,—Fatire Human Ovum of eighth week, sites Uns ts length (emt reckos= 
dg t ; Wn wurlace of thecherion parity seco amt party meadewned shagcy by 
the growth of tufts, 

na 2k —Portian of coe of the Feetal VIB, abort to form part of the Placenta, highly 
magwded; 4,4, len callatar covering ; &, 4, 4, lus looped vemnelt :£, c, ie beals af eon 


active enue, 
completely covers the internal surfuce of the fale 

which thin gradually disap as a distinct structure, The 
trus chorion is then bored by the allantois, which bees 
covered hy « growth of a amultitude of vascular 

or willi (Mig. 253), ‘These villi at first are distei (cae 
the entire eurfice of the organ, but they soon commence dis- 


ys | 
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appearing, except at a small area co) ling to the attach- 
ment of the pedicle which connects the allantois with the 
embryo. At this point they become greatly increased in 
number and algo in size and vascularity. These 

com) of a fibro-granular matrix, in which are numerous 
capillary loops, and are covered with a layer of epithelial 


Fro. 255, 


First stage of phe foemation af che Dechiua Reflexa around the Ovum, 


More advanced sage of Decides Reflexa,) 


whether the coitus resulting in impregnation be coincident 

with a menstroal period or not, becomes congested, and a 

rapid th takes place, characterized by a rapid_prolifera- 

tion of the epithelial and subepithelial tissues, Unlike the 

case of menstruation, however, this new growth does not give 

way to immediate decay and hemorrhage, but remains, and 
“ 
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decidua which intervenes between the ovum and the nearest 
uterine wall is frequently spoken of as the decidua serotina. 
As the ovum develops into the ftetus with its membranes, the 
decidua reflexa becomes pushed against the decidua vera; 
about the end of the third month, in the human subject, the 
two come into complete contact all over, and ultimately the 
distinction between them is lost. In the region of the decidua 
serotina the allantoic vessels of the ftetus develop a placenta. 
[in the earliest stages of the development of placenta, 
the delicate villous processes of the chorion insinuate them- 
selves into the hypertrophied follicles of the decidua serotina. 
‘The villi then undergo a rapid increase in size and vascular- 
ity, becoming branched into secondary and tertiary ramifi- 
cations; while at the same time corresponding changes are 
taking place in the follicles, by which they become greatly 
increased in size and yaseularity, and at the same time form- 
ing diverticnla in whieh are imbedded the ramifications of 
the villi. ‘The villi and follicles thus grow simultaneously, 
and finally become blended with éach other and are no longer 
* separate structures, The follicular bloodvessels first form 
capillary plexusés; these vessels, however, become enlarged, 
forming frequent anastomoses, and finally coalescing to form 
veniotie sinuses (Fig. 257), in which are bathed the feetal villi. 
There ix 16 contingity established between the maternal and 
fortal blood; the interchange of nutritive material necessary 
for the growth arid development of the fetus takes place 
through the delicate walls of the villi.) 
For farther aceourt of the various changes by which these 
events are brought about, as well-as of the history of the em- 
bryo itself, we must refer the reader to auatomical treatises. 
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ther, and leaves the placenta by the umbilical vein richer in 
oxygen and nutritive material and poorer in earbonic acid 
and exeretory products than when it issued from the fetus. 

‘As far as the gain of oxygen and the loss of carbonic acid 
are concerned these are the results of simple diffusion. Ve- 
nous blood, 2s we have already seen, always contains a 
quantity of oxyhemoglobin, and the quantity of this sub- 
stance present im the blood of the uterine veins is sufficient 
to aupply all the oxygen that the embryo needs; the blood 
of the fetus, containing less oxygen than even the venous 
blood of the mother, will take ds a certain though small 
quantity. The foetal blood travelling in the umbilical artery 
must, in proportion to the extent of the nutritive changes 
going on in the embryo, posess a higher carbonic tension 
than that in the umbilical vein or uterine sinus; and by dif- 
fusion gets rid of this surplus during its stay in the placenta. 
The blood in the umbilical arteries and veins is, fore, 
relatively epeaking, venous and arterial respectively, though 
the small excess of oxyhwemoglobin in the blood of the um- 
bilical vein* is insufficient to give it a distinctly arterial color, 
or to distinguish it as sharply from the more venous blood of 
the umbilical artery, as is ordinary arterial from ordinary 
venous blood. Thus the fetus breathes by means of the 
maternal blood, in the same way that a fish breathes by 
means of the water in which it dwells, 


The blood of the fastus, according to: Zantz,’ is very poor in 
hemoglobin corresponding to its low oxygen consumption. When 
the mother is asphyxiated, foetus is asphyxiated too, the oxygen 
of the latter passing back in in the blood of the former; und the 
asphyxia thus produced in the fetus is mach more rapid than 4 
which results when the oxygen is used up by the tissues of the fietas 
bree Lie the umbilicus is ligatured und the fttus not allowed 
to breatl 


If oxygen and carbonic acid thus pass by diffusion to and 
from the mother and the fetus, one might fairly expect that 
diffusible salts, proteids, and carbohydrates would be conveyed 
to the latter, and diffusible excretions carried away to the 
former, in the same way; and if fats can pass directly into 
the portal blood during ordinary digestion, there can be no 
reason for doubting that this class of food-stuff} also would 
find its way to the foetus through the placental structures, 
We do know from experiment that diffusible substances will 

+ Zweifel, Arch. fir Gynakotogle, ix, Hf. 2. 
* Piliger's Archiv, xiv (1877), p. 605. 








a seamanedy and if ere eee ' pe 
temporary digestive and secretoy aay ieee organ, 
have no She knowledge of mae paelle docs take 
these structures. From the cotyledons 
obtained a white creamy-looking fluid, 
features of its chemical com, mig] 
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Speaking chedl Tele the Ses lives on the blood 
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a very large proportion of the total mass of the 
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amount differentiation, and therefore of 

of material for the metabolism which the differentiation entails, 

It is not until the later stages of intra-uterine life, at about 

the fifth month, when it is largely di ‘from the mns- 

cles, that the glycogen begins to y iotpeng i in the liver. 

By this time histological differentiation has Likes ert 

and the use of the Blyeogen to the economy has 

to which it is put in potas Page grec cs hence we 
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find it deposited in the usual place. Besides being present in 
the fetal, slyrogen is found also in the placental structures; 
but here probably it is of use, not for the fetus, but for the 
nutrition and growth of the placental structures themselves, 
We do not know how much carbohydrate material finds its 
way into the umbilical yein; and we cannot therefore state 
what is the source of the foetal glycogen ; but it is at least pos- 
sible, not to say probable, that it arises, as we have reason 
(p. 537) to think it may, from a splitting up of proteid material. 
Concerning the rise and development of the functional ac- 
tivities of the seabeyos our knowledge is almost a blank, We 
know SeATNY Say ing about the various steps by which the 
primary fundamental qualities of the protoplasm of the ovum 
are differentiated into the complex phenomena which we have 
attempted in this book to expound, We can hardly state 
more than that while muscular contractility becomes early 
developed, and the heart probably, as in the chick, beats even 
before the blood-corpuscles arc formed, movements of the 
fetus do not, in the haman subject, become pronounced until 
month; from that time forward they increase 
and subsequently become very marked. They are often spoken 
of a8 reflex in character; but only a preconceived bias would 
prevent them from being regarded as largely automatic, 
Fipestive functions are naturally, in the absence of all food 
from the alimentary canal, in abeyance. Though pepsin may 
be found in the gastric membrane at about the fourth 5 month, 
it is doubtful whether truly peptic gastric juice is scereted 
during intra-uterine life; trypsin appears in the pancreas 
somewhat later, but an amylolytic ferment cannot be obtained 
from that organ till after birth.’ The excretory functions of 
the liver are developed early, and about the third month bile- 
pigment and bile-salts find their way into the intestine. The 
quantity of bile secreted during intra-uterine life accumulates 
in the intestine and especially in the rectum, forming, together 
with the amaller secretion of the rest of the canal, and some 
desquamated epithelium, the so-called meconium.  Bile-salts, 
both unaltered and variously changed, the usual bile-pigment, 
and cholesterin, are all present in the meconium. The distinct 
formation of bile is an indication that the jucts of fetal 
metabolism are no longer wholly carried off by the maternal 
circulation; and to the excretory functions of the liver are 
now added those of the skin and kidney. The substances 
escaping by these organs find their way into the allantois or 
! Langendorff, Arch. €, Anat. a. Phys. (Phys. Abth.), 1878, p. 90. 
Cf. Moriggis, Moleschott’s Unterauch., xi (1875), p. 456, 
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teriosus (Botalli) into the aorta, below the arch, whence it 
flows partly to the lower trunk and limbs, but chiefly by the 
umbilical arteries to the placenta. A small quantity only 
of the contents of the Teh 


it ventricle finds its way into the 


Diagram of the Foetal Circulation, 1, the umbilical cord, consisting of the umbieal 
‘veln and two embilical arteries, proceeding frem the placessa (2); 3, the uiabllical vein 
dividing Jago three branches, two (4,4) 10 be dinttibuted te the Ever, and one (8), the 
ductus verowas, which enters the Inferior vena cava (6) ; 7, the portal vein, returning the 


10, the left ventricle; the bleod follewing the mttow to the arch of the aorea (11), ta be 
distritaved through the branches given off by the arch to the head and upper extrem: 
ties; the arrows 12 and 13 represent the return of the blood from the head and epper 
‘extremities through the jugular and subclavian veins wo the superior vena cava (14), to 
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by ligature of the umbilical cord, or when in any other way 
Blood of sufficiently arterial quality ceases to find its way by 
the left ventricle to the seers oblongata, the supply of 
oxygen in the respiratory centre sinks, and when the fall has 
ed a certain point an impulse of inspiration is generated 
and the fetus for the first time breathes. Through this first 
inspiratory movement the thorax, by an upward movement of 
the ribs, is permanently enlarged, and the lungs assume that 
condition of partial distension which we studied (p. 406) in 
treating of respiration.” When the first breath is taken, as 
under normal circumstances it is, with froe access to the atmos- 
phere, the lungs become filled with air, and the seanty supply 
of blood which at the moment was passing from the right 
ventricle along the pulmonary returns to the 
auricle brighter and richer in oxygen 
blood before. With the diminution of resistance in the pul- 
monary circulation caused by the expansion of the thorax, a 
larger supply of blood passes into the pulmonary artery 
instead of into the ductus arteriosus, and this derivation of 
the contents of the right ventricle increasing with the con- 
tinued respiratory movements, the current through the latter 
canal at least ceases altogether, and its channel shortly after 
birth becomes obliter |. Corresponding to the greater flow 
into the pulmonary ate a larger and larger quantity of 
blood returns from the pulmonary veins into the left auricle. 
At the same time the current through the ductus venosus 
from the umbilical vein having ceased, the flow from the in 
ferior cava has diminished ; and the blood of the right auricle 
finding little resistance in the direction of the ventricle, 
which now readily discharges its contents into the pulmonary 
artery (where as we have seen (p. 205) the mean pressure 
the peripheral resistance are very low), but finding in the left 
auricle, which is continually being filled from the lungs, an 
obstacle to its passage through the foramen ovale, ceases to 
take that course, and the foramen speedily becomes closed. 
‘Thus the fetal circulation, in consequence of the respiratory 
movements to which its interruption gives rise, changes its 
course into that characteristic of the adult, 


} Rernstoin, PAdger’s Archiv, xvil (1878), p. 617, 
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contraction of the uterus, which is so necessary for the pre- 
vention of the hemorrhage after delivery, may frequently be 
brought about Lah posse on the abdomen, by the introduc- 
tion of foreign ies into the vagina, and especially by the 
application of the child to the nipple. But we are not thereby 
justified in considering the rhythmical contractions of the 
uterus during parturition as simple reflex acts excited by the 
presence of the fietas. We are utterly in the dark as to why 
the uterus, after remaining serenely perfectly quiescent (or 
with contractions so slight as to be with difficulty appreciated) 
for months, is suddenly thrown into action, and within it may 

be a few hours rid of the barden it has borne with sue! 

tolerance for 90 a time; none of the various hypotheses 
which have been put forward can be considered as satisfactory. 
And until we know what starts the active we shall 
remain in ignorance of the exact manner in which the activity 
is brought about. The peculiar rhythmic character of the 
Saran cock. “pain” beginning feebly, rising to a maxi- 
mum, then declining, and finally d: away altogether, to be 


sueceeded after a eee by a similar pain just like itself, pain 
e 


following pain, like the tardy long-<drawn beats of a slowly 
beating , Suggests that the cause of the rhythmic contrac- 
tion is seated, like that of the rhythmic beat of the heart, in 
the organ itself, And this view is supported by the fact that 
contractions of the uterus, similar to thee of parturition, have 
been observed in animals even after complete destruction of 
the spinal cord. Nevertheless general evidence supports the 
conclusion that, in a normal state of things, at all events, the 
contractions of the uterus, like those of the lymph-hearts, are 
largely dependent on the spinal cord. 

‘he action of the abdominal museles, on the other hand, is 
obviously a reflex act carried out by means of the spinal eord, 
the necessary stimulus being supplied by the pressure of the 
fetus in the vagina, or by the contractions of the uterus. 
Hence the whole act of parturition may with reason be con- 
sidered a8 « reflex one. 

Whether it be wholly a reflex or partly an automatic one, 
the act can readily be inbibited by the action of the central 
prove ne Ghee ‘Thus saclias are tay “th frequent = 

¢ progress of parturition ly 7 as is 
known, the entranee into the i dec ofa senate eauses 
for 2 time the sudden and absolute cessation of “labor” 
which previously may have been even violent. Judging from 
the analogy of micturition, between which and 
there are many points of resemblance, we may suppose that 
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n both tracts are divided, stimulation of the central end of a 
spinal nerve, such as the sciatic, is without effect. The sacral nerves 
sharing in this spinal tract are branches from second, and. 


08, he first, 
occasionally the third. Rwhrig" aleo finds (in the rabbit) two effer- 


ent paths from the spinal cord to the uterus, vix., the uterine \- 
thetic) and the sacral (spinal) nerves; but he makes mo 
jistinction of character between them; he 

as containing also afferent fibres. Basch 

that the sympathetic tract contains yaso-constrictor and the spinal 
tract yaso-dilator nerves, both of which may be thrown into action 
in a reflex manner, the former, however, more readily than the lat- 
ter. ‘The occurrence of contractions in consequence of an asphyxiated 
condition of the blood, explains why when pregnant animals are as- 
phyxiated, an extrusion of the fortus ently takes place. There 
5s ho evidence, however, that the onset of labor is caused by a grad- 
ual diminution of oxygen in the blood, reaching at last to a climax, 
Nor are there sufficient facts to connect parturition with any con- 
dition of the ovary resembling that of menstruation. 


After the expulsion of the fietus, the fetal placenta sepa- 
rates from the uterine walls, and is, together with the rem- 
nants of the membranes, expelled after it. The uterus then 
falls into a firm tonic contraction, similar to that of the em 
tied bladder, by which means hemorrhage from the v 
torn by the separation of the placenta is avoided. The Jining 
membrane of the uterus is gradually restored, the muscular 
elements are reduced by a rapid fatty degeneration, and in a 
short time the whole organ has returned to its normal condition. 


1 Op. cit. £ Op. cit. 
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The increase in stature is very rapid in early inGuiky, pro- 
eceding, however, by decreasing increments. According to 
‘Quetelet,’ there ix a gain in height of about 20 centimeters 
during the first year, the 560 em. babe enlarging to the 70 em. 
infint of one year old, of about 9 during the second, of about 
7 during the third, of about 6) for the fourth, and so on, de- 
creasing to rather below 6 for the succeeding ten or twelve 
years. During or shortly before puberty, there is again a 
Somewhat redder rise, with a subsequent more steady, but 


diminished increase up to about the twenty-fifth year. “From 
thenee to about fifty years of age the height remains station- 
arabes which there may be a decrease, especially in extreme 
old age. 


‘The increase of weight is also. very rapid at first, and pro- 
ceeding, like the height, with diminishing increments, may 
continue till about the fortieth year. After the sixtieth year 
a decline of variable extent is generally witnessed. It isa 
remarkable fact, however, that in the first few days of life, so 
far from’ there being an increase, there is an actual decrease 
of weight, so that, according to Quetelet, even on the seventh 
day, the weight still continues to be less than at birth, 

@ saliva of the babe is active on starch, and its gastric 
juice has good peptic powers, from which we may infer that 
ite digestive processes in ral are identical with that of the 
adult; but the fieces of infant contain, besides a consider- 
able quantity of undigested food (fat, casein, etc), unaltered 
bile-pigment, and undecomposed bile-sults, 


According to Hammarsten* the gastric juice of hewborn puppil 
though suilcieatly ucld to curdle milk, does ot tontala bepeias ae 
the lactic acid ferment; it is pot till the third week that 
digestion is set up, the casein previ taken being di by 
the pancreatic juice; in young rabbits ft appears a eartien, 
Like Zweifel,* Hammarsten, however, foun pee in the stomach 
of the newborn babe. Zweifel states that the pancreatic juice in 
children, while active on fit and proteids from the first, i inert 
toward starch for the first two months; and that the amylolytic fer- 
ment is for the same period absent from the submaxillary, though 
present in the parotid saliva. 

. The heart of the babe (ace table, p. 892) is, relatively to its 
body-weight, larger than the adult, and the frequency of the 
heart-beat much r, viz, about 130 or 140 por minute, 
falling to about 110 in the second year, and about 90 in the 


} Physique Sociale (1802), if, p. 138. 

* Ludwig's Fenigabo (1874), p. 116. 

? Untersuch. u. d. Verdauungeapparat d. Neugeborenen, 1874. 
% 
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hear with impunity « deprivation of oxygen, which would be fatal 
to theta loter gu in iis 

‘The quantity of urine passed, though scanty in the first two 
days, rises ay at the end of the first cat Fish in youth 
the quantity of urine is, relatively to the body-weight, 
Jarger than in adult life. This may be, at least in quite early 
life, partly due ta the more liquid nature of the food, but is 
also in part the result of the more active metabolism. For 
not only ix the quantity of urine passed, but also the amount 
of urea and some other urinary constituents excreted, rela- 
tively to the body-weight, greater in the child than in the 
adult. The presence of uric, of oxalic, and according to 
some, of hippuric acids in unusual quantities is a frequent 
fuerte of Und ae ES children. It is stated that See 

ic tes, and in ie oe generally, are 
beg retained in the body for the building up of the 
omdous skeleton. 

Associated probably with these constructive labors of the 


ing frame iy the prominence of the 
Roe only are the lymphatic glands Im 


and 
more active (ne is Psbanty shown by Ante badaney to dis- 
a 


ease in youth), but uantity of lymph circulation is 
than in later years, Characteristic of youth is the size of the 
thymus body, which increases up to the second and may 
then remain for awhile stationary; but generally before pu- 
berty, has suffered a rel ve metame ix, and 
ently hardly a vestige of it remains behind. The thyroid 
Body is algo relatively greater in the babe than in the adult; 
the ‘spleen, on the at hand, which grows rapidly in early 
infancy, is not only absolutely, but also relatively, ireater in 
the adult. It need hardly be said that the reeuperative power 
of infaney and batty! is very marked. 

It would be beyond the of this work to enter into the 
psychical condition of the or the child, and our knowl- 
edge of the details of the working of the nervous system in 
icikany bev milagre 30 it of any profitable discussion, 
At is hardly of use to say that in the young the whole nervous 
system is more irritable or more excitable than in Jater yeans; 
Be Naat ve een greet neh Bate 
rigid, Tess out wi Prosetipes 
Ba have spoken of as nérvous mechan: It may be 

ioned that, according to Soltmann,* stimulation of 


Arblt. Med. Wiss, 1875) p. 200. Jubrb. £. Kinderhelikunde, 





some cases not appearing at 
after the conclusion of the 


‘inning of a new phase of life; 
sarees 


le than in the aberrant male, Though 
boy, the breaking 


strikin; 
are Ke 


is in a com ively stati condition. 
belora dha age of palerty up to abput tos sloventh or tnsli 
svar tha girl a lighitne shorter than the boy of the same 
age fo tha mesh ow yencaihne cain at Gia oo oeeee ee 

then nearly reached her maximum, while he continues 
to grow. Her curve of weight from the nineteenth year on- 
ward to the climacteric remains. stati i 


' Bowditch, The Growth of Children, Annual Report of the 
Board of Health of Massachusetts, 1877. Of. also 
sehott's Untersuch., xii (1878), p, 89, ? 
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may inerease somewhat up to twenty, thirty, or even later 
years, its is much more slow after than before seven. 
The vascular and digestive organs asa whole may continue 
to increase even to a very late period. From these facts it is 
1 phenomena of old age are, at bottom, 
the result of the individual decline of the several tissues, ber | 
owe many Mie ments tothe iepeene Peo e. the 
organism, a y the premature iy or dit 
‘of on¢ or other of the constituent bodily fuctors, for 
instance, it is clear that were there no natural intrinsic limit to 
the life of the muscular and nervous xystems they would never- 
thelest come to an end in consequence of the nutritive disturb- 
ances caused by the loss of the teeth. And what is true of the 
teeth is probably true of many other organs, with the addition 
that these cannot, like the teeth, be replaced by mechanical 
contrivances. Thus the term of life which ix allotted to a mus- 
cle by virtue of its molecular constitution, and which it could 
not exceed’ were it always under the most firyorable 
nutritive conditions is, in organism, determined by the 
similar life-terms of other tissues; the future decline of the 
brain is probably involved in the early decay of the a8, 
characteristic of old cal- 


ith 


in abe 
other 


and their intrinsic deeay ly 
Of the various tissues of the body the muscular and nervous 
are, however, those in which functional decline, if not struct- 


ural decay, becomes soonest a] Thea 
of the skeletal muscles dimiaihes rapidly thirty or forty 
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to intrinsic causes, not to changes in the medium, but to 
exhaustion of the subject, and because the phenomena are 
largely confined to the cerebral hemispheres. It is trae that 
the whole body shares in the condition ; the pulse and breath- 
ing are slower, the intestine and other internal muscular 
mechanisms are more or less at rest, the secreting organs are 
lees active, and the whole metabolism and the dependent 
temperature of the body are lowered ; but we cannot say at 
present how far these are the indirect results of the condition 
of the nervous system, or how far they indicate a partial 
slumbering of the several tissues. 


dilation, often tinaccom visil 

or body, takes plaes wren anty: sensitive 

* Aroh, f, Anat. u. Phy P Abth.), 187! 41. 
a aa ance 


* Rihimann and Witko f. Anint.u- Phys. (Phys. Abth:) 
1st p 100. Sander, ‘Arch. ¢ Peyeli., ix (1879), p. 129. Siemens, 
id, py 72. 
w 





ucts certainly of muscular and probably 
of nervous, metabolism, tends to produce sleep; but, this is 
doubtful. The suggestion of Piliiger, that the diminution of 
irritability, and consequent suspension of automatism, ix de- 
pendent on the exhaustion of the store of intra-molecular 
oxygen (p. 447), is more worthy of attention. 


As was previously stated (p. 579), there is at present at 
satinfuctory evidence that the saute of oxy; 
gs ‘on the time of day, the striking result heal 
‘ofer and Voit there qui ot Pee corroborated by sn! 
trial? The hypothesis of Pfliger, therefure, unless sul 
researches reinstate Pettenkofor and Voit's first view, an 
addition to explain how it is that the store of intra-molecular oxy- 
Henke' had pre- 


re tageet pci 
oly nt fieward » nt wholly unlike hype ax had so 
mmr. 


‘The phenomena of sleep shows very clearly to how large 
an extent an apparent automatism is the ultimiate outeome of 
the effects of antecedent stimulation.". When we wish to go to 
sleep we withdraw our automatic brain as much as possible 
from the influence of all extrinsic stimuli; and an interesti 
cage is recorded’ of a lad whose connection with the pee, | 
world was, from a complicated anwathesia, limited to that 
afforded by a single eye and a single ear, and who could be 
sent to sleep at will, by closing the eye and stopping the ear. 

‘The cycle of the day is, however, manifested in many other 
ways than by the alternation of sleeping and waking, with all 
the indirect effects of these two conditions. There is a di 
curve of temperature (see p. 593), apparently independent of 
all immediate circumstances, the hereditary impress of long 
and ancient sequence of days and nights. Even the pulse, so 


+ Centralblatt f. Med. Wiss., 1876, p. 677. Ueber dio Uranche des 
Seblafes, 1877. 

+ PAliger’s Archiv, x (1875), p, 468. 

* Sitzungsbericht, Acad, Wiss, MGachon, 1866-7. 

* Zeitwchr. frat. Med., xiv (1861), p. 869. 

& Ibid, xxl (1968) 

«Cf, Heabel, Piliager's Arehiv, xiv (1877), p. 168. 

* Palager's Archiv, xv (1877), p. 678. 








CHAPTER VI. 
DEATH. 


Wuex the animal kingdom is surveyed froma broad stand- 
point, it becomes obvious that the ovule, or its correlative the 
spermatozoon, is the goal of an individual existence: that life 
is a cycle beginning in an ovule and coming round toan ovale 
again. The greater part of the actions which, looking from 
a near point of view at the higher animals alone, we are apt 
to consider as eminently the purposes for which animals come 
into existence, when viewed from the distant outlook whence 
the whole living world is surveyed, fade away into the like- 
ness of the mere byplay of ovule-bearing organiame. The ani- 
mal boily is in reality a vehiele for ova; and after the life of 
the parent has become potentially renewed in the offspring, the 


body remuins na 4 cast-off envelope, whose future is but to die, 
Were the animal frame not the complicated machine we 

have seen it to be, death might come as a simple and gradual 

dissolution, the “sans everything” being the last age of the 


successive lost of fundamental powers. As it is, however, 
death is always more or less violent; the machine comes to 
an end by reason of the disorder caused by the breaking down 
of one of its parts. Lift cemses not because the molecular 
powers of the whole body slacken and are but because a 
weakness in one or other part of the machinery throws its 
whole working out of gear, 

We have scen that the central factor of life is the circula- 
tion of the blood, but we have also seen that blood is not only 
useless, but injurious, unless it be duly oxygenated; and we 
have further seen that in the higher animals the oxygenation 
of the blood can only be duly effected by means of the respi- 
ratory muscular mechanism, presided over by the medulla ob- 
longata, Thus the life of a complex animal is, when reduced 
to 4 simple form, composed of three factors: the maintenance 
of the circulation, the access of air to the hemoglobin of the 
blood, and the functional activity of the respiratory centre; 
and death may come from the arrest of either of these, As 
Bichat put it, death takes place by the heart or by the lungs 
or by the by In reality, however, when we push the analy- 
sis further, the central fact of death is the stoppage of the 
heart, and the consequent arrest of the circulation; the tissues 
then all die, because they lose their internal medium. The 
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ON THE CHEMICAL BASIS OF THE ANIMAL BODY. 


are meant starches al 
ree classes of bodies, Fergani, sole the asf tren of ted 
a but fats and carbohydrates are never wholly absent, 
‘o Ex Sriasee of thd readers oO Say co 0 neee ata 

protoplasm we are obliged to submit the protoplasm to destructive 

it We do not at present know anything definite about the 
ae composition of active living protoplasm; but it is more 
pecbabie tka mee its molecule is a large complex one in which « 
liarly associated with a complex fat and 
with ao pete of the carbohydrate group, #, sree that each 
molecule of protoplasm contains residues of each of these three grent 


The whole animal body is modified protoplasm. 
when we examine the various tissucs and fluids from a chi 
point of view, we find present in different places, or ut bed 
timex, several varieties and derivatives of the three chief classes 5 
we find isang, forme of proteids and derivatives of proteids in the 

of gelatin, chondrin, ete, ; many varieties of fats; and several 

kinds of carbohydrates, 

We find, moreover, many other bodies which we 


y regard as 
gd in the constructive or destructive metabolism of both native 
differentiated peop and which are important not so much 


from the quantity in which they oecur in the animal body at any 
one time as from their throwing t on the nature of animal nseta~ 
bolism ; Be are such bodies a8 urea, lactic acid, and the extractives 
in gener 

in the following pages the chemical featares of the mare important 
of these various substances which are known to occur in the a 
get! will be briefly considered, such characters only —— 

‘or promise to poset physiological inet he vise 
ohmaalt tt function of any substance must depend 
( 900 ye 
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molecular ees its chemical) mature; and though at 

our chemical knowledge of the constituents of an animal 

us but little insight into their phywilogical properties, rhe ot be 
doubted that such chemical information as is attainable is a necessary 
preliminary to all physiological stady. 


PROTEIDS. 


These form the Pascal solids of the eam and 
landular tissues, of the scram of blond, of na i a and of 
mpl. In a healthy condition, sweat, tears, bi ‘urine contain 
mere traces, if any, of proteids, Their 
tion may be taken as 


0. i. 
From 20.9 69 
to 23.5 to 7.3 


‘Those figures are obtained from irene eran cers meso tal 
ses, slight differences in the various results being immaterial, where 
the end of the substance operated upon cannot be deflnitely de- 
termins 

In addition to the above constituents, oP Seal 
variable quantity of ash. In tho case of Teuraih $48 es 
nies of the ash are chlorides of ooltant and 

iy excocding the formor in amount, The remainder 

est sodium and potassium, In combination with 
phuric, and carbonic acids, and i gore sant quantities of ee, 
magacsium, and iron, in union with 1 ‘There is ulio a 
trace of silica? The ash of serum-albumin eset an oxcest of 
sodium chloride, but the ash of the proteids of muscle contains tod 
excess of potash snits and phosphates. Poth nature of the 
Of the, uk with the, pevield. sla“ inkcne SC Shaadi tare TERI 
from hemoglobin f& freo from ash. 


Proteids are all amorphous; some 
water, and all are for the most | 
they are all soluble in sat 
solved mostly undergo decom, 
left-handed rotatory action on ree snes: 
depending on various Peeerrera and 
viz., peptones, changed by heat 
Crystals into whose composition ane raid (globulin) elermants 
calas wore long since pve in the plete ae Losin ae 
they have not boon obtained sufficiontly Isolated or in. q 
large enongh to permit of any accurate analysis to be made. Quite 
reountly, howerer,* a method of isolating in quantity and 


* Hab. Phys. Path. Chem. Anal., Ed. iv Napele 228. 
* See Gmelin, Hdb. Org. Chom,, Ba. vill, & 
* Drochsel, Journ, f. prakt, Ohem,, Nv B. Bd. xix (1879), S831. 
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fing these substances hep Hepest cesta othe re 
to denspting information on the sul 
Tienes combinations of proteids, i 


‘Their presence may be detected by the following tests: 


1, Heated with strong nitric acid, they or their solutions turn 
pee Se Riles ih, Coch SOREN ot Rotiapee, Batya ta 
hue. (Xanthoproteic reaction.) 


2, With Milloo's reagent they give, when present in sufficient 
quantity, ® Prssipicate, ate with be eee a za 
‘on heating, are on! traces: . 
tained, ‘but SS tat red eokeiton: ge 


3. With canstic soda solution, and one or two drops of a solution 
pe eens sclphate, a violet color is obtained, wluch deepens on 


ceaseueocys to detect the smallest traces of all proteids. The 
be used when there is more than « trace 
present, Taek Een ote eed ak prtia 


4. Render. wi fluid strongly acid with acetic acid, und add a few 
ofa polation of ferrocyanide of potassium ; a precipitate 
the presence of proteida. 
5. Render the fluid, as before, strongly acid with acetic acid, add 
anequal of a concentrated solution of sodiam sulphate, and 
boil A precipitate is formed if proteids are present, 


‘This last reaction ls menbaieon not only on account of its exactness, 
but also because the reagents penis fuce no decomposition of other 
bodies which pier. be present ; hence, after filtration, the samo 
fluid. may be farther analyzed for other substances. Additional 

methods of freeing a solution from protelds are; Ane with 

ucetic acid and boiling, avoiding any excess of the ucid ; precipita. 

toa oxenss of alco! iol; in the latter case the solution mast be 

oz faintly acid. Hoppe-Soylect recommonds the employment 

of a saturated solution of freshly precipitated ferric oxide in acetic 

ackd. Bricke’s method of removing the last traces of protakde from. 

mn solutions is.aleo of use (see p. 938). Precipitation of the 

“4 racks ok peoteids try, cataasot isha ted oxide of lead nt a boile 
ing temperatare® may be also employed. 


Proteids may be very conveniently divided into clases. 
Crass L—Natice Alumina. 


Members of this class, as their name implies, ocour in a natural 
condition in animal tisues and fuids They are soluble in water, 





elt, 8. 
1 Wetuiier, Zeit. Physlol: Chom, Ba: it (1878), 8.288, 
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are not alka- 
lies, or ide, They heating to 
tem jure of about 70°, muss is of 
a pale-yellow color, easily friable, tasteless, and inod 


1. Egg-allumin, 


Forms in aqueous solution a neutral, transparent, 

From this it ix_precipit by excess of strong 
be rapidly removed the precipitate may 
solved in water ; if subj cation 
ann the albumen ie ; 
i) nitric acid, cause # coagulation 
by heat on by the eevee action of aleohol ; 
action of the acid 
Mereuric chloride, silver 


Preparation.—W hite of hen’s egg is broken ap with scissors into 
small pieces, diluted with an tk of water, and the 
shaken strongly in a flask till quite frothy ; on standit 
fives to the top, and carries all the fiber in whose meshwork the 
albumin was contained, The fluid, from which the foam has 
removed, is strained, and treated carefully with dilate acetic acid ms 
Jong as any precipitate is formed ; the precipitate is then filtered off, 
snes filtrate after neutralization concentrated at 40° to its 


2, Serm-albumin, 


This form of albumin resembles, to 2 great extent, the one 
yea described. The following may suffice aa i 
features : 


1, The specific rotation of serom-allenmin is —66°; that of ege- 
albumin is —35.°, both measured for yellow light. 


2. Seram-albumin is not coagulated by ether, ege-albumin ia 


3. Seram-albumin is not very readil pit strong 
drosbiene wad; ana uch seoultare eoleanenn a aera: 
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solved on further addition of the acid; the exact reverse of these 
‘two features holds good for egg-albamin. 


4. Precipitated or conzulated serum-albmmnin is readily soluble, 
tepabamin Bwih ditoaly alibi, inte uted 
Seram-albumin is found not only in blood-serum, but also in 
both that contained in the proper lymphatic channels and 

in the tissues; in chyle, ailk tremesiacioies: and many 


fluids, 
Ps efor in which albumin generally appears in the urine, 


Tn-addition to the above, Scherer! has described two closely relnted 
Yds to which he gives the names Paralbumin and Metalbomin. 
‘The first he obtained from ovarian cysts; its alkaline solutions are 
remarkable for bang very ropy. It seems doabsfaul whether this 
bods is. proteids it differs sensibly in composition, from, these 

? gives as its composition, O, 26,8; H, 6.9; N, 12.8; C, 51.8; 

7 por cent, It seams to bo associated with some body like gly- 
cogen, capable of being converted into a substance giving the resc- 
tions of dextroye, Metalbumin, found in a dropsical uid rosembles 
the preceding, but is not precipitated by hydrochloric acid, or by 
acatlc acid and ferrocyanide of potassidm ; it is precipitated, but not 
coagulated, by alcohol; its solution is scarcely coagulated on boiling. 


AMlbamins are generally found associated with small bat definite 
amounts of saline matter, A. Schmidt* says that they may be freed 
from these by dialysis, and that they ure then not lated on 

; From this it might be inferred that the albumin and the 
saline matters were peculiarly related, and that the latter played 
some ial part during the coagulation of the former by heat, 
Bohenidt's observations however, bare not been conclusively cor 
roborated by sahsequent observers. 


“Cus TL— Derived Alinovins (Albwminates). 
1. Acit-albumin, 


a small quantity of 
substance insoluble in 
into which scrum-albamin thus 
an acid is spoken of a8 acid-allumin. Its characteristic 1 
are that it is insoluble in distilled water, and in neutral saline solu- 
4 Ann, der Chem. und Pharm. Bd. 82, S. 126. 


* Chein, Centralblatt, 1862. No. 66. 
5 Palager’s Archiv, xi (1875), 8. 1. 
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of —7P for light this being i nt of the coneentra- 
tion. On Fecriery accep seen a 8 water-bath, 
the rotatory power rises to —84.80. 
2, Alhcali-albrenin, 
LA ed ee “php baienrad treated with dilute 
alkali instead of with dilute the protei naderaten x clanat 
le similar to that which was bronght about by the acid. 
ion, when the change has become complete, is no 
heat, the proteid ix wholly precipitated on 
neutralization, and the precipitate, insoluble in water and in neutral 
Hosea geueal Yop, 1 say be weed st eestlbunin ant 
ina way, it may that i 
Slesiediamin'are nothing more tha sokitiona of te samo (ah 
Ik ali iv hen the precip- 
albumin in 


come alkali-albumin; and conversely when the precipitate obtained 

from an alkali-albamin solution is dissolved in dilute acid, it may be 
led as acid-albumin, 

is stated nx a characteristic reaction of this modified or derived 

albumin that it is not precipitated when its alkaline solutions are 

in the presence of alkaline phosphates; solutions of 


acid-albumin, on the contrary, are said to be ee ees on nen- 
ex, 


tralization in the presence of alkaline phosphat this difference 
i y to be a distinguishing feature of the two proteids. 
Alkali-albumin may be prepared by the action not only of dilate 
it also of strong caustic alkalies on native albumins as 
wollason coagulated albumin and other proteids, The jelly pro- 
the action of caustic potash on white of egg, spoken of 
Mass {, 1, is alkali-albumin; the similar jelly produced by strong 
acotic acid is acid-albumin, One of the most. productive meth 
of obtaining alkuli-albumin is that introduced by Lieberktihn,? and 
consists in adding strong solution of caustic potash to white of ee 
until the above-mentioned jelly is obtained. This is then ent into 
small pieces and dialyzed until quite white. The lumps are then 
digolved in the water bath, and the alkali-albumin precipitated by 
the careful addition of acetic aci 
Both alkali- and acid-albumin are with difficulty precipitated by 
aleohol from their alkaline or acid solutions. The neutralization 
precipitate, however, becomes coagulated under the prolonged action 
of alcohol. 
‘The body “ protein,” for whose oxistencs Muller has so much con- 
tended appears, if it exists at all, to be closely connected with this 
body... All subsoquent observers have, however, fuiled to confirm bis 


The rotatory power of alkali-albumin varies according to its source; 


1 Hoppe-Seyler, Hab. Phys, Path, Chem, Aal., Ed, iv (1876), 5. 246. 
1 Posendert's Annales BO: teaa¥h, SIR a 
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that milk contains, in addition to essein, other substances, suc! 
ate, and w umber of bodies lee which, yield aaeee 
presence pantie phate has an eapecial 
reaction of casein. ied entire ramen this 


t scetic ac 
Tree ahd 


magnesium sulphate (see below) 
ag at eae in water, casein oceans & 
preety pore roe —S0? for yellow light; in dilute alkaline 
paglek ied alkaline solutions of —91°; in dilute 


o occur in muscle, in serous ficids, snd 


serum (serum-casein), En mat nt it has probably 
mide globulin (soe Class but blood-scram and 
a cedaeeree pepe ae contain an Motil a in addition to 
bs ‘globulin may be preeent, but oe = nee exists as to 


ie ey this with true casein, Its presence may be shown 
inte acetic acid to Hosea whan has been freed 


be, acurrent of carbonic acid gas; a distinet opines 


tate is thrown down. A substance similar to casein has 
as existing in unstriated muscle and in the protoplasm of 


Dilute milk with several times its bulk of water, 

add uectic acid till a precipitate begins to appear, then pass a 
current of carbonic acid gas, filter, and wash the het nr with 

water, Sarpanikol, and ether; the ‘comple te removal ‘of the fat carried 
down with the casein presents some difficulties. Muguesiinw sul- 
phate to saturation also precipitates casein from milk; the 
precipitate thus formed is readily soluble on the addition of water. 


Crass TIL —Globulins. 


Besides the native opbesibs. there are a number of native 
teids which differ from the albu in not being soluble ii a corn 


soluble in Svied water, "bat differ thon eee in rah ne in 
dilute sodium chloride or other neutral saline solutions. ‘Their gen- 
eral characters may be stated as follows: 
‘They are insoluble in water, soluble in dilute (one yer cent. 
sodium ushichia, they are also soluble in dilute and 
being changed on solution into acid- and alkali- ‘ituasie 
respectively, The saturation with solid sodium chloride of their 
—= dilute sodium chloride precipitates most members of 


"Seo Kahne, Lehrb. d. Physiol. Chem., 1888, 8. 685, 
7 





hen added 
Paciindal and. pleural Gai 
Pamala Secor not onty (and aah in Bo mera, bat it 


fs also found in white corp: in the stroma of red corpuscles - 
some extent at least), in connective tissue, cornea, aqueous 
lymph, chyle, and serous fluids, 


For the occurrence of globulin in urine, seo Edlofven* and Senator. 
3. Fibrinogen. 
neral reactions of this body are identical with those of 
paragl . The most marked difference between the two is the 
point at which coagulation of their solutions takes place. Ham- 
marsten' has shown that fibrinogen in a 1-5 per. cent, solution of 
sodic chloride eoagulates at from 52°-55° C., whereas, as stated 
above. paraglobulin (Gbrinoplastin) coagulates first at from 65°70? 
©. The charseteristic test for its presence is the formation of filrin 
when its solution is added to a solution known to contain paraglobu- 
lin and fibein-ferment, Minor differences between the two may be 


thus coumerated: In the preparation of fibrinogen the containing 
fluid must be much more, strongly diluted, and the current of ear 
bonic acid gas must pass fora much i 

thus obtained differs from, that of balin. in 

viscous deposit, adhering more closely to the isa pes 
containing vessel ; there is also. no 

viseous precipitate. The imu label mrp die 


ences. Alcohol and ether both precipitate t from its sola- 
es mae mixtare of the two (3 parts alcohol, 1 boy ether) is most 
effectua 

Fibrinogen ovum in blood, chyle, serous fluids, and in various 
transudations 


' ‘Hammarsten, ». it. 

* Centealblat fd. Mod. Wiss, 1870, 8.987. Alio Arch. f Klin. 
Med., Bd. 7, 8. 62. 

» ‘irchow! 's Archiv, Bd. 00, 5. 476. 

«Upsala Lakareforenings Forhandlingar, Bd. xi, 1870. 
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Preparation. —This is i dicechimk propa eiacichts aaky ea ee 
had to the peculiarities mentioned 

Maen rirqeres errr pss ooay went as 

carbonic acid from diluted. blood-seram i indeed 


wine int, chloride in ania seram, as 
ples when i ins 
i siti! 
‘The name yey 
the substance obtained 
4, Myosin, 
Thee. the pulang |e eh asi be. ae eee ee 
dead, rigid muscle; its 
have been ee eoried vee meen py ition it 
oy a gelatinous, elastic, clotted oa dried, it is yery brittle, 
slightly transparent, and elastic. From its solution in & sodiam 
chloride solution it is precipitated, either by extreme stared by dion ancl 
salt. When precipitated by 


i¢ prolonged action of water myosin lees its 

of being soluble in solutions “ pes chloride,* The meirouloeiae 

sat if icra to a rising ee ae hts ree milky 

a 
exer anger gn or tole diam 
chloride solerion, 088 a does Bob. 
yield syntonin on treatment with Sa 1 per cent. ). 
toe dilnte oes and alkalies, tt u- 
I change, Lote Hes 


one case 
[Class 1). 

Like fibrin, it can in some cases decompose hydrogen dioxide, and 
calabn poalainas Cin Meseutten fer ae ete my 


5. Vitellin, 
As obtained from yolk of oa of which it is the chief! proteid 
: Bee Hammarsten, Pf cle Agehiey Ba, xix, 8, 563. 


* Kihno and Eichwald, loo. oft, # Loo. vit. 
“ Woyl, Zeitechr, ££ Physiol. Chem., Bd, § (1878), 8. 17 
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malar body, insoluble in water, but 
loride solutions; it surpasses myosin 
ie solution may be cally filtered. | Its coagala. 


‘exists in combination with, the peculiar complex body, 
ithin, [See p. 949.] 


Denis, and after him Seyler, havo shown that vitellin be- 
fore the treatment Lean ip tree | it from lecithin, onesies stan S 
ties quite different from other proteids. 


A theory has been advanced that vitellin is really a complex body 
Tike jin, and on treatment with alcohol pees jot ‘ooagu- 
lated and lecithin. When well purified it contains .75 
cent. salphor, but no phosphorus, Dilute acids or alkalies 
convert it in its uneoagulated form into a member of Class Il. 


remy and Valenciennes havo doscribed a erie of prota, viz, 
ichthin, fchtbidin, etc., derived from fish and amaphibia. They ap- 
pear to be cither identical with, or closely related to, vitellin, 


ition. —Y olk of ogg is treated with suotessive quantities 
of ether, as long ax this extracts any yellow coloring matter; the 
residue is disolved in sae strong [10 cent.) sodiam 
chloride solation, and filtered. The filtrate on falling into a 
‘of water is precipitated, In this state it is mixed with lecithi 
tmclein, und in 


ag rapidly as pessible.* 
6. Globin, 


Glodin, stated by Preyer* to be the proteid residue of the complex 
body haemoglobin (see p. 439), ought probably to be considered as an 
outlying membor of this class. It is, however, not readily soluble 
eithor in dilute acids or sodium chloride solutions. It fs remarkable 
for being absolutely free from ash, 


Crass TV. Fitrin. 
Tusoluble in water and dilute sodium chloride solutions; soluble 


with difficulty in dilute acids and alkalies, and more concentrated 
neutral saline solutions 





10p. cit. + Compt. Renil., T. 38, pp. 469 and 625. 
* Weyl, op. cit, S. 74. | Die Blutkeystalle (1871), 8. 168. 








i 


‘ing. Tf required quite eolor~ 

front cor ifthe 

ee of water, the 

of the fibrin is much facilitated, and it may 
nite white, 

yosin, and fibrin are compared with each other, 

that aseries in which myosin is interme- 

globulin and fibrin. Globulin is excessively soluble 

dilate acids and alkalies; fibrin is almost insoluble 


ete: more soluble than in, is 
globulin. Glob in again diesolyes with the groatest 
‘ina dilute solution of sodium cl [yosin, 
Fliaad Saslves with difficulty; it is much more soluble in a 
vs than ina t cent, solution nok apo “ i asians 
w cent. ion tl cn mar 
od is the resulting Tuid and with such difficulty 
~ Fibrin again distolves with difficulty and res 
‘even #10 per cént, solution of sodium chloride, and in a 
‘sent. Solution it is practically insoluble. When it is remem- 
that fibrin'and inyosin are, both of them, the results of - 
lation, their similarity ix intelligible. Myosin is in fixct « somewhat 
asrerenkible fein bf fibcin depodited, not in threada’or Aswan; 
but it clamps and niaases. 


Oiass V.—Coagulated Proteids, 


HEHE 
He Hae 


el al lies a de~ 


but some aniount of acid or 


Inced by heating to 70°, solutions of egg- or serum- 

baling suxpended in water or dixsolred in saline salu~ 

tions, aspended in water or dissolved in saline solutions, or 

precipitated acid-and alkali-albamin suspended in water. They are 

converted at the temperature of the body into peptones, by 

the aetion of gastric juice in an acid, or of pancreatic juice in an 
alkaline medium. 


Obass VI.—Peptanes, 


Very soluble in water, and not precipitated from their aqueous 
solutions by the addition of acids or alkalies, or by boiling. i kei 
ble in aloohol, they are precipitated with difficulty hy this reagent, 
and are unchanged in the process; they differ from all other poe 
teids in not being coagulated by exposure to alcohol They are not 
Precipitated by cupric sniphate, ferric chloride, or, except in the 
instances to be mentioned presently, by potassium ferroeyanide and 
acetic acid, In these points they differ from most other proteids. 








SEs 
F 


a decomposition, 
to bgt gees ere Ceri ds 
; the name hemipeptone, given to the former, 
ip the. twin oF correlative balf of anti: 


a 


e 
aoe 


igestod with 


f 


we 


Ine, syntonit 
Heimer, howerer, 


on, 
with a thoroughly active pepsin, bu 

wie are subjected toh action of Acre hydroehlorie aci 

jer alone or in company with an im) actin) in, a 
Ripeincerais chorea te quite tistone fora orliees raion 
acid-albamin. Its na yore feature ix that it cannot be 
sptone by the action of even the most energetic 
it is readily so converted under the influence of 
; otherwise it ocr ees resembles ayntonin, We have 
‘an indication that the simple characters by which we haye 
ibed acid-albumin may be borne by bodies having marked dif- 
ferences from each other. ‘The researches of Kiihne, to which we 
have briefly referred in the text (p. 328), have thrown an important 
‘on these differences. The fundamental notion of Kiihne’s 
native albumin or fibrin contains within 
itself two residues, which he calls respectively an anti-residue and a 
ictesidue, ‘The result of either peptic or tryptic digestion is vo 
split up the albumin or Sbrin, and to produce on the part of the 
anti-residue antipeptone, and on the part of the hemi-residue hemi- 
the latter being distinguished from the former by its being 
ible of further change by tryptic digestion into leacin, tyro- 
Antipeptone remains as antipeptone, even when iro 
action of the most powerful trypsin, provided patrefactive 

‘do not intervene, 

re the stage of peptone (whether anti- or hemi-) is reached. 
there is un intermediary stage corresponding to the formation of 
ayntonin. In both normal peptic and tryptic digestion antipeptone 





} Pfligor's Archiv, xiv (1877), 8: 128. 
78 
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Decomposition or Prorerps By Dicrstion. 


Albin, 


Antialbumose. Hemialbumose. 





Antipeptone. Antipeptone. Hemipeptone. Hemipertone 








Teu 





Tyrosin. Leucin. Tyrosin. 
te. ete. 


el 


Special action of Trypsin. 


Decomposition By Acibs. 





Lh 
By .25 p. c. HCl at 40° C. 
Albumin. 
Antialbumate. Hemialbumoxe. 
sceeate ITemipeptone. Hemipeptone. 
2 
By 3-5 p. ¢. H,SO, at 100° C. 
JIbumin. 
Antialbumid. Hemiulbumose. 
Tlemipeptor Hemipeptone. 





Leucin. tyros, ete. Leucin. Tyrusin, ete. 


Crass VIT.—Lardacein, or the so-called amyloid substance. 


The substance to which the above name is applied, ix found as a 
depusit in the spleen and liver, also in numerous other organs, such 
as the bloodveseels, kidneys, lungs, ete. 

Tt is insoluble in water, dilute acids and alkalies, and neutral 
saline solutions. 
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Tn centesimal composition it is almost identical with other pro- 
teads,* viz. 
O. and 8. iH. N. 0. 
244 70 1.0 53.6 
hur’ in this body exists in the oxidized state, for bailing 
with caustic sitesi sires no sulphide of the alkali. The above re- 
sults of analysis would lead at ance to the ranking of i 
proteid, and this is borne out by other 
avid converts it into acid-albumin, and caustic al 
albumin, On the other hand, it exhibits the follow: 


The colors mentioned above, as bein; 
phuric acid, are much clearer and bri 
ied to the purified Iardacein, 
the etude substance in itt normal 
obtained are always dark and dirty-looking. 


Purified lardacein is readily soluble in moderately dilute 
and can by evaporation be obtained from this arity the foram ob 
tough, gelatinous flakes and lumps; in this form it gives 
actions only with iodine. If the excess of nmmonia ts ex, 
solution becomes neutral, and is precipitated by dilute 
Preparation.—The gland or other tissue coataining this 


ent ap into small Pes xsl as much as possible of the 
pices ai 


tissue removed, are then extracted several times 
water and dilate aloobol, and if not thus rendered colorless ure_re- 
peatedly boiled with alcohol containing hydrochloric acid. The 
residue, after this operation, ix di ifici 
gastric juice in excess Eh i 

quantities of mucin, nuclein, keratin, 

the Shstio time wil thas be da t re 

latter impurities it may be separat decantation we finely 
powders] abcess 





' ©. Schmidt, Ann, d. Chem. a, Plurm., Bd. 110, 8; 250, and Fried 
reich aud Kekulé, Virchow's Archiv, Bd, 16, 8. 

? Wien. ined. Wochensobr,, Nov 82, 8. 14. 

* Compt. Rend., May 24, 1875, 

* Kahne, Virchow's Arch., Bd. 33. 
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ioe 


sary to give here any of the formul all empirical—which 
have been hee Tepresent hens iadiats ay all Bre with equal 
exactitude tage composition, but: they are un- 
trustworthy, Of the various attempts ein have been made to 
assign to proteids some definite molecular structure, none appear at 
the present stage of information sufficiently reliable for general ac- 
ceptance. 

Among the most elaborate Inbors in this direction may be mea- 
tioned those of Hinsiwetz and Haberman. In their first pablication,* 
starting from the genoral similarity of tho ts of decomposition 
‘of the proteids and carbohydrates, they tried to establish a definite 
relation between the two classes of bodies. In this they were not 
successful, and from their second research? they came to the conclu 


sion that the carbohydrates take no part in the formation of the 
proteids. 


ments in the same direction are due to Schiitzen- 
berger.* that albumin can be decom into carbonic 
anhydride mmonia, and that the ratio of these two is the same 
a lndaghiares Bind bean: the body on which he operated. From this 
he concludes that * the molecule of albumin contains the sroaine 
‘area and represents « complex arcide,'’ In his second pobiies ¢ 
lay carl 


he confirms his previous resalts, stating that the ammont rbonic, 
anhydride, and oxulic acid, produced by the decompesition of pro- 
teids, are so connected quantitatively as to be enpable of derivation 
from’ varying proportions of urea and oxamide, He also obtained 
from the decomposition of proteids a nitrogenous residue which could 
be formulated as giving rise to all the amidated acids and other bodies 
spoken of above, Thus, according to him, albumin, built up as = 
complex ureide, decomposes into ammonia, carbonic, oxalic, 
acetic acids, and this nitrogenous body: this isst, then, gives rise to 
the other products of decomposition. 


It will be that in the general description of the various 

disti reactions for each coukl not be given, but that 
solubilities were the chief means at our disposal for distin- 
soho them. They may be arranged according to their solubili- 
ties in the following tabular form. 





* Ann, d, Chem, u, Pharm. Bd, 169, 8, 204, 
1 Ibid., Ba. 169, 8. 150. 7 Comptes Rendus, T. 80, p. 252. 
bid., 81, p. 1108, 
See also Schotzenderger, Ann. de Chem, et da PhytsT, xvi (1819), 
p. 280, 
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Mucin.{O, 35.75. H, 6.81. N, 8.50. ©, 48.94)! 


‘The characteristic component of mucus Tes exact composition is 
i re tren te ariel ing mee an spain 


ite wae‘ this is not 
aoe insoluble in 


es ate Rreopreeat are precipita 
oc neutral or faintly na es 

with dilute mineral acids, mucin yie 
another ey which in many of its properties 
pes yt luces solutions of cupric sulphate. 
sulphuric acid gives leucin and about 7 per cont. 


Preparation. —From ox-gall, by precipitation with alcohol, redis- 
sls in water an pre a re te 


may also be 
advantageously obtaii ‘snails’ or tho oii acta ae gland of 
the ox,* 


Chondria, (0, 31.04, H, 6.76. N, 13.87, ©, 47.74. 8, 60 
ae an i 


forming the essential part of the 
ae & ili soticees ant ix eoneived & in the interstices of the 
epee Sree A similar saeotver saree ieee 
Boiled with water, it dissolves slowly, 
ak { rolution, wich fy procipinatod by ateticnad, eat hatenters 
lute mineral ucids, Lea he and mle Its of silver and copper; an excess 
of the last four reagents redisiolves the precipitate. Solutions of 
this gelatinize on standing, even if very dilute; the solid mass 
is insoluble in cold water, readily soluble in water, alkalies, and 


ammonia. 
nthe aqneons and alkaline solutions of chondrin Sarat a left. 
handed rotator ‘or on polarived fight of eon 
gf exams of alkali this booomes 652.0%, bodh’imoawared for yok 
ight. 
Te seems, according to the Chee of many, that chondrin 
ean, by heating with hydrochloric acid, be converted into.a body 
whose reactions resemble thase of Lagotipalis and naother eal eabaance, 





A wensoes ‘Aan. 4. Chem. u. Pharm., Bd. 184, 8. 198. 


: 2eieea, op: cit. and Chem. Centralb., ames No. 14. 
+ Staodelor; Ann. d. Chom. u, Pharm, Bd, 111, 8, 14, 
‘Lv Storing, B Beitrag ur Chemie des Knorpels, 1878. 
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which like the similar product from mucin, so far resombles grape- 
#igar Berd aa reduces cupric salts in alkaline solution ;! it 

nitrogen. | A reoent: has 
existence of neste as & distinct 


er, requi le investigation. Wit 
hate eal are oe = chon es Jeucin, but no tyros cad 
Whether chondrin exists as each in it 
— probable that sees not, — its come by 
ines ut with water much greater 
Blithe dieive dal cami 


vration,--Krom cartilage by extracting with water, and 
a pmen pe aes er 


Glutin or Gelatin.—{O, 23.21. H, 7.15. N, 18.32 ©, 50.76 
&, .56 per cent.) 


‘This is the substance which is yielded when connective tissue 
fibres are heated for several days. with yery dilate a ata 
aap of about 15° C., or when they are treated with water 
in_a digester. Tho clase tinmeate of eeanseive Came eeitae 

1 by the above Lreatment. hn = 

obtained in this lutin is when heated a thin solidi- 
fying on cooling to the el tn itinous form. ve dried 
it ix a colorless, tra 1 
ing undissolved in pert eaten 
acids or alkalies, yaad affects ite 60 


y hloride and tannic ncid soe 
yiald Tnocleble rae = Sah Copii 


caprous 
Regnier that heyarep are 
uric acid it yiel 


nective tissue fil since 

Iam be ul ta wht tn sat ro 

t 0 ir is uy 

connie (ioe ies sa tee: outeral cesta 
see p. 





1 De Bary, Hoppe-Seylen's Unterwach. HA 1,6. TE. 
2 Moreciwoty ‘Verband. raturhist. mod. Ver 
(1876), Ht 6. ‘ope Seyler Hd 





KERATIN, 


Elastin —(O, 20.5. Hy 74. N, 16.7. ©, 55.5 po.) 


and no tyrosin. 
has obtained a similar body from the shell membrane of 


Keratin (0, 20.7—25.0. H, 6.4—7.0. N, 16.2177. ©, 
50.3825. 8, .7—5.0 prc.) 


‘This body, thongh somewhat resembling the proteids in 

Soampeeitiog; differs from thene wet aloo fvant tba proce ji 

so widely in other properties, that its description is 

for convenience mther than anything a ai 
for 


epidertnic seales consist most part of 

Heated with water in a digester at 150° keratin is Hy 
with evolution of sulphuretted hydrogen; the solution then gives 
with acetic acid and vanide of potassium 2 precipitate 
in excess of the acid. Prolonged boiling with alkalies and ucids, 
even acetic, dissolves keratin; the alkaline solutions evolve sulphu- 
retted hydrogen on treatment with acids. The sulphur in keratin is 
evidently very loosely united to the substance, and in all its 
there appears to be a want of similarity between keratin and either 

ids, mucin or gelatin. The most common of its products of 

lecomposition are leucin (10 per cent, ), and tyrosin (3.6 per cont. 
and some aspartic acid; no glyein bs fo What is 
known as keratin is probably a compound body, which has not yet 
been resolved into its components, 
and Kiihne* have described a new 

cecum as a constituent of nervous tissne (both of 
central nervous system), and is yet 
horny tissue, they give the name of neuro-keratin, It chic 


bal pe phoebe ep 
sin. The fi 


' Bor. d, deutsch. chem. Gesollsch.. 187%, 8. 166, 
2 Verband, Neturhist. med. Ver. Heidelberg., Bd. i (1878), Heft. 
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Nuelein.—CaHgN P,0n- 

Discovered by Micscher! i 
the yello: of 
yellow oa it fons 


Preparation, —This is difficult, since nuclein i 
‘The most remarkuble feature cs this is ity, 
hosphorus, 9.59 per cent. ‘is is 
by boiling with strong hydrochloric aced or tf 
same occurs when solutions of nuclein are acidalated and allowed | 


stand. 


CARBOHYDRATES. 


Certain members only of this class occur in 
these the most important and widespread is th 
sugar or dextrose (glucose), with which 
identical? Next to this comes milk-sagar, 


1, Dextroee (Grape-sngar). 
Occurs in the contents of the aliment 
tent, aeeeet on ths aR the aol hy 
yeast its ito vl mph, 
the lier se A ce Ph ama wie fluid leo, contin 
ae : } 
rough ths poet her Bit fo to mee dapaie ea 
5 1 Med, Chem, Untersoch., Hoppe-Seylor, Hef. 4 1872, 8 441 und 


>The question, however, whether several varieume Or mae pote 
ring in the animal body have sot been confoanded ‘under (be 
common name of doxtrose or glocose, may be: “present 
"Linnemann, Ann. d. Chem. u. Pharm, Bd. 123, 5.196, 
nnemann, Ans.d. Chem. 7 " 
+ Seo Seogon, Dor Diabetes Mellitus, 2d ed., 8.194. 
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diabetes is characterined excess of dextrose in the flnids and 
a eg 33), 


eld ae requiring, however, some 
time for all pe alate in hot ‘wntee 
Dextrose i soluble in Pei but ina insoluble in ether, 


‘The freshly prepared cold aquenus solution of the crystals possesos 
* Seer pee thy ar of -- 104° for yellow light. "This, quickly 
on heating, more ly on standing, falls to 4 66°; nt which point 
it remains constant. 
Seteee readily forms compounds with acide and bases; the latter 
unstable, decomposition rapidly ensuing on heating them. 
Whes its metallic compounds are decompased the decomposition te in 
many cases accompanied wd zs recipltation of the ome i eos 
silver, gold, mercury, bismath. Caustls alkalies readily decompose 
it, as also does ammonia. 


Doxtrose is readily and completely precipitated by lead acetate 
and ammonia, 


‘An of this body. ij f 
fh caer pee te imal re wee Oi) aeons 


Eg ey men eg Fed 
fiuence of yeast. The decom is the following : aes 


nitrogenous mater, 
is peony of the action of & 
stage is the production of lactic acid, C, ie tr HOs 
<p batyne Sees Ie Bi lution of ch cars 
ie anhydride: 2 = +200, + above 
Heras the be of whieh ig vttalss undergone by sugar 
siderable extent in the intestine, are most active at 35°; the — 
of alkaline carbonates is also favorable. It is, moreover, essential 
that the lactic acid should be neutralized as as it is formed, 
the presence of the free acid stops the process 
‘The detection and estimation of dextrose are so fully given in 
various books that they need not be detailed here. 


2 Malliose. C,,H.,0, + H,0- 


‘This form of sugar was first described by Dubrunfiutas a prodnet 
of the action of malt on starch. Its existence was for a long time 
bted until Sullivan repeated and confirmed the previous experi 





1 Lister, Path. Soo. Teans., vol. for 18TR, p. 426; wlso Quart. Jour. 
of Micros, Sclence, vol. xviil (1878), p. 177, 





CARBOHYDRATES, 


‘pias this. eoyetala Gres pale by eepenter :cevatelRen Nom Disa 


4. Tnosit. ees are 


This substance occurs bat sparingly in the human ;_ it was 
found erigioaDy by Seba Scherer! in the pas oe heat ie. 
showed its presence in the Iunga, kidn pies spleen, and liver,? and 
Miiller in the brain.’ | Tt oceurs aleo in diabetic urine, and in that 
Bright's disease,"' and ix found in abundance in the vegetable 


L possesses girl val cht, ina does not 
reduce solutions of metallic alts fh Hf 


Tt admits of no direct alcoholic, but is capable of undergoing th 
hater ring ge he we seid formed ip reo: 
lnetic. It is unaltered. by heating wit inte mineral eed. 


Préparation, —It be fed from its soluti 
Shee etal geese teas pen 


As a spocial test may be mentioned the terest aieke 
‘inlet coe earefial mation to di 
ee reared Sapa ‘ion iene ox pbatitanin Sialy 


5. Deri. C,H,,0,. 


ing and 
acids or rn forments converts 
r Sane is present in the contents 
alimentary canal after a meal_containit 
found in, the blood, Concerning 
of dextrin see pp, 207, 298, 


6, Glycogen. OHO. 
the starch di of carbohydrates, Discovered 
on liver a a One fee 5) + 
Se seo snubs is enter, Secbahe ta oki cea rs 
tae aqueous solution ix generally though not always strongly opales- 


* Ann, d, Chem. u. Pharm., Bd. 73, 8. 322. 
2 Tbid., Ba. 90, 8. 280, " Thid., Bd, 108, S. 140, 
*Thid,, Ba. 160, 8. 388. 











4 thereby hey 
, first of 60 ae fie of 95, 
finally with absolute alcohol. 
FATS, THEIR DERIVATIVES AND ALLIES. 
‘Tur Acerte Act Sxnies. 
General formula CxH,«O, (monobasic), 
‘This, which is one of the most complete homologous series of 


chemistry, runs parallel to the series of monatomi« aleohols, 
formic aci corresponds to methyl chest Bec acid to ethyl 


 ateohol lds by oxidation acetic acid: C,H.O 4 
TEE ee ee ee ® 


re and Mae ihe in panty rise rccomively by aboot 19° . ‘Sat 


with regard to their jason 
ben iit ¢ acid properties are 
Secs a= a figenpd ae ee 
a acting a8 ol acids; these smocessi' 
fluid, and the highest membere arc ealorieas solids, choc 
the neutral fats in ontward appearance. 
0 series present but very hy Cape ue Sepia 
eal properties, hence the diffi 
rther increased in the animal body 
thine, acids which present the greatest similarities usuall 
er. 


‘The free acids are pe only im small and very variable che 

sony aga gen the it darn ho 
hand, form most, important constituents of 

will be considered further on. 


Formic avid. CHO. OH. 


When pure is a strongly corrosive, fining fluid, with pomeh 
irritating odor, solidifying at U° Cy boiling. at 100° Cy 
of being mixed in all Pepe with water and 
been foand in various parts of the body, such ax the spleen, 

muscles, brain, and blood ; the latter it may 

the action of acids on the hemoglobin. 

jors' it ocestrs also in urine, 

Heated with sulphuric acid it vehi carbonic oxide and water; 

with caustic potash it gives hydrogen and oxalie acid. 


a poeee Hoppe-Seyler's Med, chem, Mittheila: Hef 2,5. 
0, Nevim, Yours. er the Omen. Bods voli vi; esa0ar 





an oil fy ey sah in ater 
oka ee Ne in. water; 
rated by the ether, hay 
Lraurostearie acid. 
Myristic “CHa! 


Sis sees af cow lisa a and other 
fata Pini eco De pets hana 


Sore" Gath OH 


Tine bodies, 
water they are quite alebie’ 
in cold aleahol 


ee: 


kabies, 


others of the higher members of this 
These acids in combination with 


i anomalous 
melting-point of 80.0" O. A mlxtare of 00 parts stearic and 40 of 
palmitic acids, melte at 60.8%, 


Actos ov rae Oxetc (AckYiic) Sentes. H(CxH, 
(Monobasie.) prs 


fixed fata, They are vei 
exposed tothe air, wap rip race 


tow ol ee them. Their most peculiar 
traces of NO, into solid, stal 
te. pais being distilled. ‘They bear an interesting relation 
of the acetic series, breaking up when heated with caustic potash 
Sy a sei ea we eet oe ee ‘Thns, 


Potnasines seetite,_Potassiues paltnltate. 


HO atlaOyt 2KHO = KO,H,0, + KC.H.0, + He 
Vifeintz, Annal. d. Phys, u. Chem., Bd. 92, 8. 688. * Op cit. 
md 








FATS, ETO. 


clting-points, accordit revions temperatures to which it 
a Hittite atone Ce 
— Fro palin the five peltnfia aid 
ea si by removing He ioe palmitic 


etal ‘eto 


is the hardest bad eae Sanibis oC ioe oe 

d Man the leat Oaths aot hence is the first to crystallize 

' SD eee nolesions of the mixed fats. It allizes: ee 
terete its peculiarities in its points similar 


Rr aacee-pee olive oil, either hy cooling to 
ont the olein that remains fluid, or by ‘inching ho 
ing, when the olein remains in solution while 

rout, 


SH} O» 
This principal constituent of the neutral fats may, as above 
stated, be looked upon as a triatomic alcohol, 


When pare, glycerin is a viseid, colorless li 
sweet taste. It is soluble in water oar akeolol ii in “a 


is YO. 

Tt dissolves the re alkalies and alkaline itt many oxides, 
such as thase of lead and copper ; ment See fatty acide are also 
soluble i in cag 


C,H,0, + 2,0 = C,H,O (Acrolein), 





GLYCOLIC ACID SERIES. 


Grreouie Acrp Serres. 
Tactic acid, C,H,0,. 


Next to carbonic acid, the most important member of this series, 
as far a8 physiology is oo , is kxotic acid. 

Tactic acid exists in four isomeric modifications, but of these only 
three have been found in the human bedy. These three all form 
syrupy, colorless fluids, soluble in all proportions in water, alcohol, 
and ether. They possess an intensely sour taste, and a strong acid 
reaction. When heated in solution they are partially distilled over 
in the escaping vapor. They form salts with metals, of which those 
with the alkalies are very soluble, and crystallize with diffioulty. 
‘The calcium and zinc salts are of the greatest importance, as will 
seen later on. 

1. Ethylidene-lactic acid, This is the ordinary form of the acid, 
obtained as the characteristic of the well-known “lactic 
fermentation." It ocours in the contents of the stomach and in- 
testines. According to Heintz! it is found also in muscles, and 
according to Gecheidlen* in the ganglionic cells of the gray sub- 
stance of the brain. In many diseases it is found in urine, and 
el ta large amount in this excretion after poisoning by phos- 

ora.’ 


Te may be prepared by the general methods of slowly oxidizing the 
corresponding glycol or by acting on the monochlorinated propionic 
acid and with moist silver oxide, In obtaining it from the products 
of lactic fermentation, the crests of zino lactate are purified by sev- 
eral crystallizations, and the acids liberated from the compound by 
the actlon of sulpburetted hydrogen. 


2. Ethylene-lactic acid, ‘This acid is found accom ing the one 
next to be described, in the watery extract of m: this 
it ix separated by taking advantage of the different solubilities of 
the ine salts of the two acids in alcohol. It seems probable, how- 
ce, et jit has not yet been prepared in the pure state by this 
Tnet. 


Wislicenus first obtained this acid by heating bydroxyeyanide of 
ethylene with aqueous solutions of the alkalies.* 
‘The same observer found It also i many pathological @uids. 


5: oreolactic acid.’ Tia acid has vot yet been rs: 
thetically. "As ita name implies, itis that Yorm of tbe sold ehtch 
ooours in muscles, and hence exists in large quantities in Liebig’s 
Trextrnot of meat.'” Tt ts often found also ts pathokigieal finds 


Tela is the only anid of thin serien which pomeeereag pomeepE 
Tolating the plane of polariied light,, ult-ie ctherwiss indlaslupaboke 





* Ann. 4. Chem. u, Pharm., Bd. 157, 5. 320, 

* Piliger’s Archiv, Ba. viii (1878-74), 8. 171. 

* Schultzen and Riess, Ueber xcate Phosphorvergiftung. 
Ann. d. Chem. u. Pharm., Bd. 128, 8, 6. 
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sfitoent of urine. This is contested by Salkowski,’ and also by von 
Speyer. It seems probable, however, that since wines and fermented 
liquors contain succinic acid, and this latter passes unchanged into 
the urine, that it may thus be occasionally preeent in this excretion. 


Succinic acid crystallizes in large rhombic tables, also at times in 
the form of large prisms; they are soluble in 5 parts of cold water, 
and 2.2 of boiling, slightly soluble in alcohol, and almost insoluble 
inether. The melt at 180° C., and boil at 235° C., being at 
the same time decomposed into the anhydride and water. e 
tries salts of this acid are soluble in water, insoluble in alcohol and 
ether. 

Preparation.—Apart from the aynthetic methods, it may readily 
be obiained by the fermentation of calcio malate, acetic acid being 
produced simultaneously. 

[ta presence is recognized by the microscopic examination of its 
prtal, and its characteristic reaction with normal lead acetate. 

ith this it gives‘a precipitate, easily soluble in excess of the pre- 
cipitant, but coming down again on warming and shaking.* 


CuouzstERIN. (CyH,0.) 


This is the only alcohol which occurs in the human body in the 
free state. (The triatomic alcohol glycerin is almost always found 





Rhombic Tables of Cholesterin.] 





1 Pflager's Archiv, Bd. ii (1869), 8. 867, and Bd. iv (1871), 8. 96. 
2 For further particulars see Meissner, op. cit., and Meissner and 
Bolly, Zeitachr. f, rat. Med. (8), Bd. xxiv, 8. 97. 
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rapidly, If heated with baryta-water it is comp! decomposed, 
the = perliets bas eens gine deat ool a and barium 


Glycerinphorphoric 
— © Decithin. « Stearic Acid. ‘Acid. 


Neurin, 
CyH NPO, + 31,0 = 205H,,0, + CH,PO, + C,HyNO,. 


‘ 
~*) When treated in an ethereal solution with dilate sulphuric seid, 
it may mi Sey: and tench oe 


= 

Phosphate 

iH cece iy the mata if es 
a kee 


the rudicals palmitic acids 


Preparation. —Usually trom the yolk of egg, where it ocours in 
union with vitelin. Tur ielation Ppt ear 
a to Hoppe-Seyler. 


Glycerinphosphoric es CAHLPO. 
Oocnrs ass product of the decompasition of 


is found in those tismes and fluids sinter 
ia the urine is said to contain 


lycerin and glacial phosplioric acid; it may 
ting the union of one molecule of ‘a in with 
ston acid, with elimination of one ‘of water. 
acid ; its salts with fag and calcium are insoluble in 
i soluble in cold water. lutions of its salts are precipitated 
Tead acetate. 


Protagon. ae 2) 


spe wee y containiog nitrogen and obtained 

ty, Licbeeak from thy ss, and ty bi as its 

principal constituent, ral iearcben of anita Diako- 

how tended to show that, protagon was merely a mixt 

and cerebrin. A eare ion of Liebreich's is experiment 

Gamgee and Blankenhorn‘ to confirm the truth of his results, 
appears to separate out in the form of very small 

arranged in el from warm aleohol 
is sigh soluble m more soluble in hot 


water, but swells up and for i 
Rates 200". and fons a Droge iim ktm 


Jer’s Mod, chom. Untersach., Hoft (1867), & 221 
ma ia, BO Conteh Te ancl Whee, (1058) Mei, 


* ets chem, Untersach., Hoft ii Rt ie 
* Ann. d. Chem. a. Pharm, 8. 20, 
* Zeitsche. £, physiol. Chem. ° ya. iis (1879), 8-220, and J1.of Physiol., 
vol. fi (ist), pt 
80 








NITROGENOUS METABOLITES. 
THE CREA GROUP, AMIDES, AND SIMILAR BODIRS, 
Urea, (NH,),CO. 


The chief constituent of normal urine in mammalia, and some 
other animals; the urine of birds 
Normal blood, serous fluids, lym 
same body in traces. It ix not 


alcohol, 
Tn anhydrous ster itis | Ee ‘The 
Is may be heated to 13 C, without, bei wn chen by 
temperature they are first bem then rposed Lane 
norreidi Hiner with strong acids ic, decomposition 
ensues, the final products bh Rite nlpet pelo 
‘The same decomposition may also occur as the result of the acting 
eee mee eens cnitces Sta sree ener Nitrous 
at once decomposes it into carbonic prep e! ro metre Tt 
readily forms compounds with acids ani of these the follaw~ 
ing are of importance; 


Nitrate of urea. (NH,),CO . HNO, 

Crystallizes in six-sided or rhombic tables, Insoluble in ether 
and nitric acid. solable in water, slightly soluble in alcohol, 

Oralate of wee. (H(NN,),00), . H,C,0, + 1,0. 


Often crystallizes in long thin prisms, but under the microscope ix 
obtained in « form ae ena oy ee 


te formed 8 quant 
wae nae mad ad paeaie eae 
mined. 


Pet lege HOH sulphate and potassic gen as mixed 
ier in aqueous solution, and the eirtare is sin srepoted tw dry~ 
— The an whee extracted gpl cele 

y eva to then extracting 
bey gh rates pe ree a syrup, nal then forming the 


* Musculus, PAGger’s Archiv, Bd. xii (1876), 8. 214. 
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It is important to remember that urea is also isomeric with ammo- 
nium eyanate, O{ BNE, and, indeod, was first formed artificially 


by Wohler from this body, We thus have three isomeric com- 
pounds, ammonium Sod ele cohen 


the set free; 
nd iis worthy of nocen thay tho ceererataee 
sf the saliva phages indicatoe the existence Pah rel ues in 
Fifa Oe the nit ff ie, eanogen coon 

belong cl ito the ca of eyanogen con 
them. Pfltiger* has called eer great 


com) 

i on gues i Prt nares seo aoe 
may be compared to the conversion couples stig teatable 
gen compounds into the less energetic and more ee ae 
other we ammonium cyanate ix a ty) 
dead mit , and the conversion of the Co FN 
be of the essential change whieh takes place when a lit vineane 

nes, 
Compound Ureas—Tho bi atoms of urea can be 
alcohol and acid Tedicals, Tho Sere fe. cottpOhed pdecag ot 
of them are called acids, since the ao i the amide group, 
not all replaced as above, can be metal ‘Thus the sab- 
stitution of oxalyl (oxalic acid) ie beh acid, 


co 
N,{ H, or CO, NH, N. ; 
{Serco sm, 60 


of tartronyl (tartronic acid), dlalurio scld, CO, N.,8, eet 
mesoxalyl (mesoxalic acid), alloxan, CO, NH,, N.C, These 

are intoreating as being also obtained ty the arti 

trie 


Uric acid. CANO, 
ity chief constituent of the urine in 
an 


normal een, 
muscles of the heart, pancreas, 
iar renal calculi often consist 
it, accumulations of uric acid 
of oa body, forming the so-called 
It ix when 
‘out oder. ‘the crystalline frat i is rey ve 
towards that of rhombic tables.* When impure it it crystallizes rend. 


) Pfigor's Archiv, Bd. x (175) 8. 887. 
+See Ultzmann and K. B, Hoffman, Atlas der Harnecdimonte, 
‘Wien, 1872. 


i 
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URIC ACID. 


Alloxan, Mesoxalic acid. Urea. 
ON,10, + 2H,0 = 0,10, + CNW0; 


and by the action of chlorine uric acid can be split up direetly into 
‘a molecale of mesoxalic acid and two molecules of urea: 
Uric acid. Mesonalic acid. Urea. 
,H,.N,0, + Cl, + 4H,0 = C,H,0, + 20N,H,0 + 2HC1. 


By oxidation with alkalies, uric acid is converted into allantoin 
and carbonic aci 


ls Allastoin, 
O,HN,O, + H,0 + O= C,H,N,0, + CO, ; 


and allantoin, by hydration, becomes allanturic or lantanuric acid 
and urea: 


Allantoin. Urea. 


0\H,N,0, + H,0 =CHN,0-+ ©) 


Now allanturie acid ix.a compound urea, with a residue of 
oxylic acid. By other oxidations of urie acid, parubanie acid (oxalyl 
urea), oxaluric acid (which is hydrated parabanic acid), and dialurie 
acid (tartronyl-urea) are obtained, In fact all these decompositions 
of a molecule of uric acid lead to two molecules of urea and a 
carbon acid of some kind or other. 

There are, however, reasons for thinking that before the urea 
can be obtained from the uric acid a molecular change takes place; 
that part of the nitrogen of uric acid exists as a cyanogen residue, 
which on the splitting up of the uric acid ix converted into the same 
condition as the rest of the nitrogen, viz., into the amide condition. 
Tt has been supposed, indeed, that uric acid is tartronyl-cyanamide, 
in which two molecales of amidogen have been replaced by the 
eal of tartronie acid, and two others by two atoms of cyanogen, 
thus: 


GH 
(NH),(CN),0,1,0, or N, { jon 
A 


Hf this be so, since the metabolism of the animals in which uric 
acid roplaces urea cannot be suppased to be fundamentally different 
from that of the orea-prodacing animals, we may infer that the 
antecedent of both uric acid and urea in the regressive metabolism 
of proteids is, as we suggested above, a body containing some at 
least of its nitrogen in the form of cyanogen. 


Krentin, CH,NiOr 


Occurs as a constant constitacnt of the juices of muscles, though 
osihly it may be formed during the process of extraction by the 
ration of kreatinin, Kreatin is not a normal constituent of 

ine, bat it. Y occur in traces in several fluids af the body. 
When found in urine its presence is probably dae to the conversion 
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alcoholic rather than solutions. It erystallizes in warty 
Tamipe eck posed tf axertgated masa ot patent ce nes dedlea] 


Preparation.—Either ranean eatpiating wih lod or from 
ithe trae fom hiram with lead acetate; 
br ne 
treatin Th ty sul 

inin. mercy red 
the kreatinin purified by the formation of tl eeess 
with alcohol. 


Kreatinin-zine chloride may be converted into kreatin by the action 
of hydrated oxide of lead on its boiling aqueous solution, 


Allantoin. C)HN Oy 


‘The charneteristic constituent of the allantoic fluid of the fiotns 
it ocours also in the urine of animals for « short ther thd their 
birth. Traces of it are sometimes detected in this excretion at a 
later date, 
Hanlon oe ‘They’ resotatle ia loo paris of 
and odorless, are ein parts of 
in hot water, insoluble in cold alcohol und ether, fone i 
alcohol. Carbonates of the alkalies disolve them, and 
be formed of aegis with metals, bat not with acids, 
itoin, as already stated, fi 2b 1s one of the produ uti 
oxidation of uric acid, and by farther oxidation gives rise to urea. 


Preparation.—This ix best done by the careful oxidation of urie 
reeds means of potassium permanganate or ferrocyanide, or 


Hypoxanthin or Sarkin, CJH.N,O. 


Is a normal constituent of muscles, occurring also in the re 

liver, and medulla of bones. In leacemin it appears in the 

and urine. It crystallizes in fine needles, which are soluble in 300 
8 of cold, more soluble in hot water, msolubte in rere 

= ‘acids and alkalies. It forms ery wie a acids and 

2s ix previpitated te baste acetate 

ee in a solution of the normal 

from musclo-extract depends on ite preci 

of lead, and then by an ammoniacal 

the removal of kreatin. 


Both hypoxanthin and the next body, xanthin, ens also be obtained 
from protelds by the action of putrefactive sa EY pr at 
Doiling temperature, of dilute by Nirecbleclo ackd Ce 
40° C., and Ny the action of sta and pancreatic an 
taudan, kas oticed & poculler. didlerencs \vel weiss bras Ail ra 


1 Salomon, Zeitechr. f. Physiol. Chem. Bd. ti (1878-79), 
Kranze, Inaug. Dist., Berlin, 1878. Chittenden, Journ. of 
vol. Hi (1879), p. 28. 
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Goanin, OHNO. 


First obtained from guano, but. recently observed as occurring in 
stnall quantities in the pancreas, liver, and muscle extract. 
Le is a white amorphous insoluble in water, alcohol, ether, 
and ammonia. [t unites with bet an and sales to fa form crys 
tallizable compounds. 


Preparation.—From guano by boiling successively with milk of 
lime and caustic soda, precipit with acetic my tt purifying 
by eolution in hhlorie acid and precipitation hy! ammonia. 

Guanin may, "by the action of nitrous acid, be converted into xan- 
thin. By oxidation it can be made to yield principally guanidine and 
parabanie acid, secom| ees. by small ome of urea, 
xanthin, and 'exabi sc acid, 


Tts separation from by in and xanthin depends on its in- 
solubility in water and be ay a hydrochloric acid. 


Epson furans C,H,,N,O, + 2H,0. 


es latte Bein ok sla 


So ve tee 
Mae el a arn” pee 


Glycin. C,H,(NH,)O(OH). Also called Glycocoll and Glycocine, 


the aration of man por the a body, pect! 
© composition of many important substances, ex i 
and bile mea v1 yale are coke Kroibahe 
se are exail in water, insoluble in cold, sight soluble 
in hot alcohol, ‘rsctuble i inether, Tt possesses an acid reaction, but 
aswoet taste. It has also the property of uniting with both acids 
and bases, te form orystallizable compounds. In 1 poe it cxklinaes its 
tuethode of gm isan amide is Hs 
methods of its etic preparation; 13S 
Geesioiacers onium chlotide. <i 
anit = TENE OLOL NICE Tt is, auilostete 
Heated with causti ic baryta it yields ammonia and pa err 


Preparation. —Vrom glatin by the action of acids or alkalies; 
from hippuric acid by decomposing this with hydrochlorie aeid st & 
boiling temperature and rewoving by precipitation the simultane- 
onsly bennoie acid. 

Teuria, C,H,NOS. 

Tn addition to entering into the composition of taurocholie acid 
(eee v: 65), taurin is found ip traces in the juices of muscle and of 

ennatied 


1 Ann. d. Chem. a. Pharm, Ba. 86, S. 125, nnd Bd. 108, B. 854. 
+ Op. cit. * Ann. d, Chem. uw. Pharm., Bd. 164, 5. 155. 








leas six-sided tables or rhombohedra, 
Tt is Pear in water, alcohol, sk te 
the other alkalies, aud also also in mineral Me 
body is one of the few cry: substances, occurring physiol 
cally, which contain sulphur, renders its Molaion ver very eagy. ‘tne 
from its insolubility in water, etc. it yields with caustic 
salts of either silver or lead a brown coloration, don tod to the prowl 
of the sulphides of these metals. 
According to Dewar ‘ons oystin is amido-sul 
Y ru pore li 


acid, and its formals ii WG, h—pyruvic beit 
two atoms of hydroget ae Re 


Tux Anomanio Sxntes. 
Benzoic acid. HOH,O,. 


po ooh gpa prem 
pedigree beard poop aes 


CHACH,ONO, + H,0=,N0,4 GHO,, 


it to an paeotiel th 
ey from solution the ales form is 
acid is soluble in 200 parts cold or 25 
is easily soluble in alcohol or ether. 
ne Tt also off i 


Pact GHuNO, 


G i! , and is 
ie pried sl gato a he rr ae si i ae hy ws wally 
titi e decor) 
Gither by bate perachen or the action of ye gaa 


+ Joarn. of Anat, and Physiol, Nov. 1870, p. 143. 
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that of new hay, while oily, red Serer re in the tube. 
‘This is very characteristic, and distinguishes it from benzoic acid. 

Phenylic (Carbolic) acid. CHO. 

‘This acid oovars only as a urinary constituent, According to the 
older view it was a normal constituent of this fini ed it seems, 
pong more probable that it is due to some oceur- 

in the urine, by pet hag ie sal Cel ye 
pe says tho urine of many animals, of cows and horses 
always, contains & substance insoluble in alcohol and not precipitated 
by lead acetate and ammonia, which by the action of dilute mineral 
wide eives crbolle acki, The samo told applied to the body ex- 
ternally or internally also passes into the urine? Sirailarly benzol 
(! Hy when tuken into the stomach appears as carbolic acid in the 


ire acid erystallizes in long, colorless, prismatic needles; 
ten any at 35° c i boil at ‘Is? O. a soluble in 


panel and ether, sli; alighily sie in aes part in ptlnk ee In Eee 
cases it acts as a eae acid i forming: 

fies. With nitric acid it yields co acid. we ee seme 
silver and mercury salts, 


Fs: ptairanrece the dry distillation of salicylic acid, ulko 
bya nai By et rr ob fe enn 


Tue Bree Senres. 

Chotic (or Cholalic) acid, H.C.,H50,-+ 1,0. 

‘Occurs in traces in the small intestine, in langor quantities 
contents of the large intestine, and the excrements of men, 

and Tn icterus, the urine often contains traces of this 
But its Bios interest lies in its being the starti pion for 
various bile acids (see below). The pure acid may 
arent i the later ace ea vmallising 
tions in tetrahedra. These are Sables 
Tn the amorphous form, it is Poses or soluble in water and ether, 
Heated to 20° C., Sa asad into water and dyslysin | 
pessesses, in the anhydrous condition, epee rotatory 


ackd 
power of + tor for vellow light; when it crystallizes with H0, the 
rotation in + 35°, ‘The rotatory’ power of the alkali salts are always 
Jess than the above, and when in mae b in alcohol the rotation is, 
independent of the concentration. For the alcoholic solution of the 
sodium salt the rotation is + 31. . 


Preparation. —By the decom} of bile-acids by means of 
acids, alkulies, or matative > 





1 Hoppe-Seyler, Med. chem. Toertaih aan i 
* Alin, Neus Jahrb, 2: Pharr f Salons Pau. 
gor's Archiv, Ba 
4 Schultzan 
1867, Heft 3, 
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Tawrockolic acid. C,H NSO, 


FP gear igerapnes wht aL a ie met hoe tS 
Je and 
oi ante oo anaes corer 


i se ret 
pace pi 


i cee Spc tony per 


The 
this 


; if ‘tele 8 in a eter os rotation is bess, 


See rene itn capound of Gia aka onies bad thus: 
Chotalic acid, ‘Taurla. ‘Taurochetlc weld. 
C,H, + CH,NO,S—H,0 = CH NOS. 


Preparation.—From the gall of dogs by a process similar to that 
for glycocholic acid. It is separated from traces of this lattor and 
from cholic acid by preparation with basic Teall eetatelcad Saint 


certain substance Wick has not apn ‘been satisfactorily isol 
which yields by tho sction of acids the blue colori 
as one product of the decomposition. A Pee sul 
in several mq (ie ccaetyl Tats), and the two were fd 
by be identical. Hoppe-Seyler,’ on the other oon 
having regard to the greater ease with which the indican from plants 
undergoes decomposition, regurds them ax most jn “ube 
substanees. Baumann showed* that the two were ee 
corona tion his previous results nt ope 


boric peri He assigns to it the 
Tndican appears in urine, aceonting to Jats eM other 
as the result of the presence of i in bac! jenn on 
Tt is always eetimated by conversion into 


Neubauer o- Vogel, Hara-Analyse, Bd wt (1670), 8 OT. 
= Sebunck; Phil. Mag. vol. x, p. 7a ay p28; vp Sab are 
183, Chem, Contrall, 1854, $4); 1867, 8, 96 og 

der, Arch. f. path. Anut., Bd, xxvii, 8 388, a 

BE |. 448, 

fete eke 

xiii (1876), i" tach. 1. 
4 (si7-48),§, 0. : 

phyalol. Chem., Pans (1870), 8. 254. 








Aberration spherioal of the aye, 10 
‘Absorption by the skin, 5 
Absorption of fat, vrata and prod- 
‘uote of digestion, 388, 
ation of food’ by tiaston, 309, 
4 


Accelerating fibres, vaso-niotor, 162 

Accelerator nerves, 244, 251, 285 

Accommodation, power of, in the eye, 
634; mechanism of, 616 

Acetic anid, 940; notion on red blood 
corpuscles, 4! 


8 
Achreodextrin, 208, 637 
Acid-albumin, 308, 913, 950 

Acidity of urine, 509 

Aala, deeomportion of proteids by, 


Acts in perspiration, 495 
‘Aoonite, action on heart, 235; on the 
ratory contres, 461 

A apparatus of tho ear, 709 

‘Adamuk on the brain, 816, 826 

Adipose tissue, (See Fat.) 

Afferent impulses, 157, 155, 243, TS6; 
‘of vaso-motor notion, 260, 261, 262, 
283; of doglutition, 367; in rexpi- 
ration, 454; in micturition, $22; 
nerres conveying, O12 

After-imagos of vision, 6TS 

‘Alr-celis, 404; tidal, stationary, and 
residual, ia respiration, 406, 497; 
ite ehanges in respiration, 420, 472) 
obambore or pase 

Aladoff on diabetes, 35, 

Albertooi, on the brain, 804 

‘Albumin, action of gaatrle jubee oa, 


300 

Alburnias, 911, 027, 929 

Albuminates, 913 

‘Aloobol, action on vaso-motor oes 
trea, 276; on the heart, 235; om no- 
colorator nerves, 246 

Alitpentary canal, 273; changes of 
food in the, 379 

Alimentary mechaoiam, 21 





Atkatt-albumin, 915, 920 
Alkaline urine of berbivora, $10 
875, 880 


passages, 403 

Alveoli, pulmonary, 404 

Amid roio acid, 

Ammonia in expired air, 423; action 
‘on aceelerator nerres, 248; on ree 
piratory centres, 461 

Aronioti cavity, 74 

pect 
anmbee, properties of, 18, 301 

‘Amabell merecauin: eee 

Amy! nitrite, action on vagi nerves, 
241; on yas>-motor centres, 276; 
‘on the arterioles, 276; action e@. 
muscles, 148 

Amylolytic notion of pancreatic julon, 
334, 325; of saliva; 29%, $00, 906 

Amylotytic ferment, 300, 301 

Anahyoe of perplcaion Sa of 

the animal body, 
500, rel, 302 
vel 


Anelectrotonus, 108 

‘Aneurism, 33 

ae body, chemical basis of the, 
0 


Anode, 104 
Antiarin, action on spinal vasomotor 
centres, 275 


Astipeptane, 328, 927 

Antiperistattie action, 370 

Asus, 374 

Aorta, pressure in, 208 

Aortic ralves, 195, 210, 213 

‘Aperturw scale vestibull coches, 703, 
0S 


7 

Apouwa, 460, 477; action of on intes- 
tinal peristalsls, 249 
Apomerphis, action on sccelerator 
Aire of vagt nerves, 240; 98 rept 
ratory nerves and entre, 4015; 02 
tion.on muscles, 143 

(967) 
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Blagien, Dr., effeots of heat, $87 
Blastoderm, 872, 880 
629, 053 


gases of, 
inuenes of the i iT blocdvensele 
Mi ourees of tho: Mbins factors, 


atton ohio 


fa aniorels sod ‘an, 695 ¥ 
of flow, 177; Volkmann's haemsilro- 


'y 
ity, 381-387 + effet of Its conden 
on peristaltic movements, 569; rea 
pirstory changes in it, 422; rola 
tions of oxygen in the blood, 426; 
color of arterial and venous, 435; 
effoat of rvspiration, 458-161) re. 
lations of carbonic aid and witro- 
gen in blood, 441, 442 
Blood, oiroulution of the, 164, 287 
Blood, in menstruation, 66 


and injostion of 
physia, 4755 in 
secretion of urine, S11 


i 
Blushing, 25% 

Beshefosiaine, cerebral convetutions, 
Ball visual parple of Ube rating, 608 
Bone, 19, 


Brachial ploxas, eovtion of, 254 
Brain, the, and autematie 


bral convobetions in the 
moan (diagrams), 196, TW7, 3 
foots of stimelation of 800 ; growth 
Of the, 596 
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oa animals, bebarior of, TT9, 


(ee Di Nutrition.) 
ratio.) 


convotui 
Brucke, on bivod-clotting, 36; wemal- 
Tenar valves of the heart, 207-2103 
tion of starch, 297; 
and popsin, 312, 227, 
stenrption 0 iene 
4 Batty cont” 
Bulbs of Ki 


nae sald, 40 


Caroum, 38%, 357 
Calfets,setion on reepiration vente, 


Calabar bean, action on vagi ommtres 
and nerves, 241 
Calcaresds degeneration, 890 
Calanu rae torius, TTT 
Calices , 402 
Canal of ‘tht 1s 
Capillary ciron! 84187, 
29, 190, 266; changes in peripheral 


resistance, 278-28: 
ure in renal secrotion, S11; plex- 
uses, 107 5 straotare of 
Caprolo acid, 940 
Capra ian, 3 Glissom, sis Mi 


ine, 
exe 


57e 
400 


Carbonic acid, in expired air, 407,421, 

#22, 423; in A24y exit 
blood, 443 ; bn the tiemwes 8; 

effects of secon ot 69) 461, 478 

Cantino ispules, 159, 

Cardiac inbibition, 233 

Cardine muscles, 140 

Cordien nosed tee sensing btood- 
‘presrure (: 

Cardi 


i, 201 
Cardio-Inhibitory cewtre, 242, 248, 283 
Carnin, 058 
Carnivorous animals, nutrition of, S72 


effects of 
human 





INDEX. 


aerated by. the 


sentrectilty of Slosdvenss 21, 


set the walls of the stom~ 
ach, 
Contraction, (See Musoular Contrao- 


tion.) 
Contrast, vieaal sensations of, 630 
Gouvalaions in saphy te, 473-474 
Convulsive centre, 473, 
Co-ordination of ieee movements, 


Contam, 484, 724 
Cornes, 623 
Coronary, arterios, 196,210, 248, 264 


Corpors quadrigemina, 773, 816 
ore Tectatae oo13, ‘S115; quad- 
ins, T73; hence 77 
oie of the blood, 23, a 170, 
TTL, 425, 496, 441, 447, 449, 451; 
thelr history, 52 
Corpuscles, in inflammation, 279, 280 
Corpusclos, inorganic salts in, 40 
Corpusclos, salivary, 296, 301, 3435 
of Krause, 436; tactile, 487; axile, 
487; Pacinian, 488; ‘Matpigblan 
(renal) 505; 5 Heals), 8 
Corpuseles, stare! 
us lutea, rie petit 768, 
T75: callosum, at 
rode of, 706, 712 
Cortical mubstance of kidney, 503 
Corvisart, researchos on digestion, 401 
, 481 


gt 
Cowper's glands, 861 
Orneial = 615, 826 
Crassamentam, or blood-clot, 25 
til 


ustieve 
—- eorobri, Ti & 822; section of, 
890 


Crying, 481 

Cesstalline lens, 610 

Currents. (See Blectrie Currents, 
Nerve Currents.) 

Curves, palte (with tracinge), 219, 231 

Curves, respiratory (with tracings), 


Cutaneous respiration, 
Se diabetes, 535; ures ate the liver, 


Crormak, effects of chords etimula- 
thon, 359 
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Danilewsky, reatio, 330 
sho ny 2, 


Diabetic contre 683,628 
‘hitman pee Wy Bt 
aloes 13} ess 


teodes, 85; muscle-nerve Pepi 
tions, 105, 107; Mlnstrating ‘lee. 
trotonas, 106; simplest forma of 
nervous system, 191; Du Bols-Rey- 
mond’s eloctro-motive 

126; in their bipolar condition, 127; 
the fall-rheotome, 129; Bernetoin's 
differential rheotome, 131, 133; 
sdectrotonle onrrente 138) ky 
graph, 418s erat ae 


blood 
4; Hhacespring sanousies ma 
curves enna er 
heart, ; ourves of 
aura and heart, 207; st he 6 
heart, 214; pulse-cutve 223, 227, 
228; carding inhibition, 23% 23, 
250; corvioal and thoraai 
of Le it, sitet ig a Prd 
maxi ol ‘woore- 
ties of pasereatie fate real 





INDEX, 


Engelmann on musclo-currents, £9} 
automatic action of ureter, 156; 
ciliary movement in the frog, 150; 
peristaltic movemonts, 370, 

Entoptic phenomena of sight, 652 

5 in, 483. 

Eplgtotts, 840 

Fpithelium colle, 289, $35, 351, 391, 
302, 615 

Erect posture, 853 

Ergot, action on muscles, 148; on 
¥agi norvos, 241; on vyaeo-motor 
contres, 276 

Briemann, on cutaneous secretion, 497 

Ervetation, 382 

Erythrogeanulose, 208 

Extor, soxt of oxidation in reepira- 
tion, 466 

Bther, sotion on respiratory centres, 
462; action on blood-corpuscles, 48 

Baustacbian tube, 700, T12 

Excretion of srine, 506; of milk, 
S43; of nitrogen tu muscular ex- 
excite, 517, S78, (See Defeeation, 
‘Micturition.) 

Exoretory tissues, 17, 19 

Exhaustion, muscular, UT 

Bxner, on visual sensations, 609: re 
flox actions, 752; on the mpidity 
ef mental operations, 624 

Expiration, 497, 411; movements In, 
419, 465, 472 

Explosives (voice), 850 

Hye, the (ree Sight), physiological 
anatomy of, 622 

Hyeballe, movements of the, 635, 19, 
$16 


Fnoial resplration, 420 

Pascioull terotes, 770, 171 

Finces, 376, 387 

Fainting, 243 

Fallopian tubos, 860, 865, 876 

Fall-rhootome (dingram), 129 

Falsetto voice, $47 

Fat, history of, 88, 000 

Fas of milk, 545 

Fats, their derivatives and allies, 989 

Pats in scram, 44; action of Bile om, 
#22, of pancreatic Juloe, 32%) die 
gestion of, 390, 383, 294, 599 

Patty degenerntion, 508 

Fatty food, effects of, 570, 572, 600 

Pauces, 365, 366, 377 

Foshner's formals of viral sonea- 
thane, 646 

Feeling amd touch, 739 

Fohling’s test for ¢agar, 227 





Female lens, 872 
Fonestriiel manbrane, 165 
Penestra 


PTs and man (diagrams), T96~ 


Fibew arciformes, 763 

Pibros, muscle, 2, 145: nerve, 607 5 
‘medullated nerve, 603; non-medul- 
Inted, 600; efferent and afferent, 
SLL; ‘terminations of nerre, OTL 

Pibrilie, muscular, 62; nerve, O08 

Fibrin, 25-35, 145, 905, 310, 920, 


Stes of the eyeballs {dlngram), 688 
lee 

Spival corde 78a « ae 
Filum terminale, 603, 740 
Platatency, 

Pieisehl, nervows bi 


388 
Foree of heart-beat, 219 
Fordyoe, Dr., eect of heat, 587 
Formic seid, 232 
Fourth ventricle, 111 
Foves centralis, 620; bem 
703; heudolliptioa, TO 
Pose, nasal, TE) 


pherien, 


a2 





INDEX, 


Hematechometer, for 
blood-pressure, 181 
‘Foematin, 438, 439 
‘Hwmatoblast, 55 
‘Hematoidin, 57 
Hemoglobin, 49, 57, 428, 440 
6, effects of, on vascular 
mechanism, 282 
Haerlin, on paralbumin, 913, 
Hair-colls, 706 
rs, 489 
Hales, Dr. Stephon, circulation of 
blood, 173, 287 
Halford, sounds of the heart, 215 
Haller, on muscular contraction, 65; 
on physiology of muscle and nerve, 
145; respiratory movements, 416 
Hallaton, contractile tissues, 115 
Hamborgor’s model of respiratory 
movements, 416 
Hammarsten, coagulation of blood, 
a4 ig juice in new-born a1 
m 893, BOS 
Hayem, red blood-corpusoles, 55 
Hearing, 709 
Heart, the, 191, 219; phenomena of 
the normal beat, 197; curves of 
yrossure in cavities of heart, 199— 
01; mechaniam of the valves, 207~ 
212; sounds of the heart, 213-216; 
its failure beforo death, 905 
Heart-beat, 156; 0 164, 173, 
186, 224, 231; variations in, 218, 
247, 475, 511 
Heart-murwurs, 214 
Heart of the babe, 893 
Heart of the frog, 160 
Heat, loss of energy from, 575 
He sources and distribution of, 













































Heat, varying production of, 586 

Hedgehog, blood-cryatals of the, 428 

Heidenbain, on panoreatio digestion, 
325; mechanism of digestive secre- 
tion, 338, 344, 346, 356; mucous 
and serous glands, 35%, 361, 381; 
researches on digestion, 401; on 
renal secrotion, 516: on nutrition, 
570, 589; bodily heat, 582, 583, 
586, 589; lymph-hearts, 755 

bit trema, 705 . 

Hellebore, action on heart, 235 

, movements of chyie, 393 

boltz, on muscular contraction, 

velocity of nervous impulees, 
Jou of energy from heat, 585 

dioptric mechanimns, 653: color 

sensations, 669; the horopter, 641 : 

musical sounds, 717 
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Helmont, Van, on carbonic acid gas, 
481 

Hemipeptone, 328 

Hen itory bi 









f the pupil, 648 

Hepatic artery, 317 
tion of bile, 362; bepatio ell 
315, 362, 525, 533; duct, 315, 317, 
318; lobules, 315; vein, 317 

Herbivorous animals, nutrition of, 572 

Hering, respiratory ‘action of vagus, 
455; nervous mechanism of respi- 
ration, 457; color sensations, 669; 

ions of temperature, 733-735 

Hermann on muscular contraction, 
82; rigor mortis, and electrical 
theory of muscle, 98, 134, 141, 144; 
respiration of muscle, 144” 

Herzen, inhibition of reflex action, 
748 

Terzenstein, seoretion of tears, 697 

‘Hiatus, 705 

Hiccough, 480 

Hippocampus major, 778 

Hippurie acid, 558 

Hirschmann on visual 

Hitzig, on the cerebral 
of the dog (diagram), 796, 797, 800, 
804; cerobelluin, 819; vertigo, 821 

Hlasiwits, on proteida, 929 

Holmgren, movements of the pupil, 
644, 647; olectric currents of the 
optic nerve, 663 

Hook, on artificial resptration, 481 

Hoppe-Seyler, on the com} 
blood, 42, 49, 51; on 




































haemoglobin, 440; remiration, 482} 
nutrition, 569; analysis of proteids, 
910 


the, 691 

jood-cireulation in the, 36, 

39, 40, 173, 182, 189, 200; saliva, 
301, 380; blood-eryatale, 429; loco 
motion, 856 

Horvath, death from extremo heat, 
594 

Houckgeest, Van Braam, peristaltio 
action, 369 

Hufner ‘on influence of bacteria in 
digestion, 327 

Hutchineon, vitel capacity of the 
lunge, 408 

Haxley, blood-corpurcles, 55 

Hyaloid membrane, 627, 631 

Hydra, 153 

Hydraulic principles of blood-cireu- 
lation, 184 

Hydrobilirubin, 5% 
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Labia majors, minors, 858 
Lakor, loes of energy by, 575, 676 


Labor: patns, $80 

— 1, 407, 412, 418, 
an 

Labyrinth, osseous, 702; momben- 


dn, O9T 
89) 
045; in musole, 98 
36 


spina TOA; de 
5 704; den- 
ticul slate, 705} A hotes ‘ors 
idols, on blood ctrext ciroulntion, 204; 
corebral convelutions, $00 
Langendorf, nervous meobonism in 
respiration, 458; fg of re- 
flex setion, 749 


in, 927 

Laryngeal nerre, superior, im respira- 
ito 468; tn volee, 48; inferior, 
in respiration, 457 

Laryngeal respiration, 420 

Laryngosco} grea BES 

Larynx, 9%, $43) diagrame of the, 

Lateral tracts, 168 

Latschenberger, on urari stimulation, 
261; blood presnure, 286 ; respira: 
tion, #71 

Laughing, 431 

Laurosteario seid, 
Lavoisier, on res jon, 481 

Lawes and Gilbert, on the formation 
‘of fat, 572 

Layer of ruds and cones, 629 

Lea and Kune,» seoretion in the pan~ 


Ladino. my os 

Legg, Wickham, om diabetes, 537 

Lens crystalline, 650 

Lenticular nucleus, 814 

Leacin, 226-325, 385, 557, 060 

Lauwenboek, capillary ‘eirealstion, 
26 


Levatores eostaram, 417 

Liebermann, pigments of bile, 319 

Liebig, on formation of fat, 576; 
ition, 564, S76, 577, 662 

Life, the phases of, 802 

Ligaments, bepatic, 315 

Ligamentum iridie peotinatum, 626 

Lingwal nerve, 254, 336 

Lister, J., coagulation of the blood, 


iT, 


Listing, movements of the eyeballs, 





pulmonary, 404 
Locomotor ataxy, 139 
Locomotor mechanisms, 883 
Locali of eplean, 48 


Loops Loope of nl a in 
Lortet, 


Tunulw of heart-valves, 210 


Lutein, 58 
Lympt, Yymph realy. lysate 
aye hearts of the Pan A 
Tomphate cyst fa 


ten, 629 
Maxeniie, on voniting, 877; sensory 
uniee 613; ol 
4 
Socekor 
Mal 


47, 611; oapeules, glomerall 
Tapee of shin, 484 
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Maseles of mictarition, 520-523 

Muscles of respiration, 413-421, 452 

Muscles of the eyeball, 687 

Muscles of the fxtus, S82 

Moarcles of tho larynx, 845 

Muscular contenction, shown by the 
ange of form, 


Fr 
get, BS; phyai- 


eal changes, 80; ehemioal changes, 
$2; law of contraction, 108; vir- 
cumstances affecting {tx amount 
and obarseter, 111 
Muscular energy, sources of, 142, 600 
Maroular fibre-celle, 0, 62, 145 
Musoular fibres in neterios, 168, 166, 
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‘Miusoular mechanism, 21 

Muscular mechanisms of digestion, 
364-279; ef rexpiration, 402482; 
mastication, 366: degtatition, 360 ; 
poristaltio setion, 145, 307; movo- 
ments of the «esophagus, STL; of 
the stomach, 372; of the large in- 
tostine, 374; vomiting, 370 

Muscular mechanisms, epecial, 839 

Mosoular irritability, 63, 65, 107-109 

‘Muscular sense, 737 

Muscular sound, 79, 148 

Musonlar tineues, 19 

Muscularis macosm, 302 

Musonli papillares, 195 

Muscules, action of saliva on starch, | 
203; maltose, 935 

Mosical sounds, nature of, 713 

Mrograph pendutam (diagram), 68,70 
Masala. lo mrereatar therate, BA, 69, 


Myritic acid, O41 


muscle during 


Nails, 489 
Narcotics, section on musoles, 148 
Nares, 720, T21 
Narrow tubes of Hente, 905 
Nosal fone, 720 
Nates, 77: 
Native slbuming, 911 
Nausea, 376 
Nawrock!, outancous secretion, 500 
Negative variation, in nqrroeurrents, 
SU-9L; of musele-currents, 8? 
Nerve and muzole, phonamens of, 63 
Nerre-celle, 605; nore 
Nerve-currents, 
tented by non-ps 
(diagram), $5; negative variation, 
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Neeve-roots, 154 
Necres, Arrtabiity of, U7; necol- 
|, 285; experiments with 
fem soem 3 Inritme 
ility of, TIT, 215; cardiag, of the 
das 3485 thermogeae, 682} frigo- 


Nerves, chemical changes im, 143 
Norvos, cranial, 603, 615, $37 
Nerves, energy of, 142 
oir effect on constriction 
‘and dilation of artories, 253 
Nerves omplaged ba doferation, BIS 
Norvos in connection with 
muscles, 63 
Nerves, their influence on the 


‘ion, 364, 365, 367 
Nerves of sight, 627, 633, 827 
Norres of touch, 732, 733, 159 


Norves, spinal, 60: 
Nerves, splenic, s8h 


in vomiting, 378 

Nervous Influences ou tle wo 
tion, 368, 209 bp 

Nervous impulses curves ustentlog. 
their relenty, 73; change: in the 
nerve during thelr pasage, 73, 75, 
76, 111, 126 

Nervous irritability, 107, 108 

Nervous mechanism ae 
gestive juices, 335, 345, BAS 

Nervous mechanism of the gastric 
morements, 378 


Sepa mechaniom of perrpiration, 
4 


Nervous mochanisin of respiration, 
3, 4 ei 


03 
Nervous system, 20, 21, 22; 
arrangement ‘of, 603} el 
strocture of, G00; 


minute arteries, nad 
232; it influence on ny 
in infanay and youth, £99-897 
Nervous tisvacs, propartio of, 18, 151 
od; meeabetion 0f, O76, 
Nervous tlesuee, general 
158 





Pendulum myograph (diagram), 70; 
diagrams obtained by it, 69, 73, 75 

Penicillium, 574 

Penis, 861; mechanism of erection, 












ptic glands, 302; celhy, 303 

Poprin, the ferment of gastric juice, 
BIL, 322, 328, 346. 

Peptone, 309 

Poptones, 309, 322, 328, 923, 930 

Peptones in gastric juice, 307 

Perceptions, tactile, 738; visual, 

697 

y in the phenomena of the 
body, 658 

Reni, 707 

imysium, 61 

Perincariurs, 007 

Peripheral resistance in blood-cireula- 
tion, 188, 232, 279, 280, 285 

Poristaltic contractions, 156; in defo- 
cation, 374-376; in digestion, 367, 
268; in the amophagus, 371; in the 
stomach, 372 

Perspiration, nature and amount of, 
493497 ; secretion of, 497; nervous 
mechanism of, 497; average loss 
by, 493-496 

Pettenkofer, on changes of 

piration, 42: 

70, 602 

fe 

Poyer’s patches, 331 

PAlilger, blood, ‘31, 335 nervous irri- 
tability during’ electrotonus, 107, 









































112, 144; endings of nerves in 
salivary glands, 295, 342; inhibi- 
tion of peristaltic action, 369; pum 





for extracting gax from blood, 425— 
427; hwemoglobin, 438; seat of ox- 
idation in’ respiration, 446: res- 
piratory changes in tinsuer, 448, 45 
451, 482; epinal cord, 713: sleep, 9 

Pharynx in deglutition, 365; vomit- 
ing, 376-379 

Phaseo of life, 892 

Philipeaux, on union of sensory and 
motor nerves, G18 

Phorphorus ax an element of food, 
601 

Photochemistry of the retina, 657 

Phrenic nerve, its effect on respira- 
tion, 4 

















cold sweats in, 498 
igmin, its offects on the pupil, 


Pig, valiva of the, 301; 
blood-crystals, 429 


bile, 320; | 
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319; im urine, 508, 





511, 516, 517 

Pinna, 699 

Pituitary mucous membrane, 720 

Placenta, 881, 887 

Planer on gases of intestine, 385 

Planum semilunare, 704 

Plaama of the blood, 31, 39, 40, 42, 
94, 95 

Plasmine, 29, 31, 33 

Plateau, on after-imager, 676 

Plethysmograph, for measuring 
changes in the circulation, 280 

Pliss, absorption of proteids in diges- 
tion, 398. 

Pneumogastric nerve, its influence in 
respiration, 454-459 

Pnoumographs, Marey’s and Fick’s, 
410, 411 

Poiseuille, application of the mercury 
manometer to blood-circulation, 178 
inon, effect of urari, 64; carbonic 

78 

Polyurin, or excessive renal secretion, 
513, 514; point of puncture of the 
medulla to produce, 533 

















Polar vesicle, 871 
Pons Varolii, 772, 822, 823 
Portal canal, 216; circulation, 394; 





(ronal) circulation, 505 





Potassium bromide, action on heart, 
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Potential energy of food, 381 

Pre-existence theory of muscle and 
nerve, 126 

Predicrotic pulse-wave, 226, 227, 229 

Pregnancy, 888 

Pressure, blood, 174-287, 462472, 
(See Blood-pressure.) 

Pressure of air in respiration, 479 








Promure, sensations of, 7: 

Preyer, on blood-corpurcles, 58; on 
buemoglobin and hwmatin, 439, 440; 

sleep, 003 

stley, on respiration, combustion, 

d oxygen, 4X1 

Primitive trace, 872 

Processus gracilis, 701; @ corebello 
ad textes, 771; vocales, 840; mus- 
calaris, 840 

Pronucleus, 872 

Proprionie acid, 940 

Prostate gland, 861 

Protagon, #40 

Protective mechanisms of the, 697 

Proteid food, metabolic effects of, 568, 
sil 
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Reto, mucosum, 484; testes, S82 
Retioular, membrane, 107 


Retohing, 376 


stoin's differential sheotome, 130, 

mH 

Rhythm of heart-beat, 219; of reapi- 
ration, 409, 422, 442, 45, 498, 470; 
in asphyxia, 472, 473 

Ris, movement in reepiratton, 413- 


a ish” colors, 61 
Rigor ‘mortis, ote 92, 122, Idd, 475, 


Rima ghottidis, 842 
Ringer, dally vatiation ta, the tem- 
Bailey time peas 593 
tetas 


RittercVall ew. of derltability. of 
necrer, 118 

Rode and cones of reinn, 620 

Roda of Corti, 706 
Roheig, on perspiration, 497; efiet of 
cold ‘on rabbits, 5905 urari polaan- 
ing, 591 

Romawes, on contractile tiewves, 110 

Rosathal, rorpiratory function of 
Vagus, and thoory of nerrous mech 
anism of respiration, 498; on retlex 
actions, Tt 

gnses in the large intestine, 856 

Ranning, 856 

Rutherford, _vaso-motor of 
stomach, 347 


nerves 


Sacoule, 707 
Racoulua laryngis, $41, $42 
Salicylic acid, action ‘on respiratory 
centres, 461 
Scbneiderian membrane, 744 
sh 


Baliva; 

207; 

479; im vomiting, 976) relat 

taste, 720; temperature of, 342 
Saliva of infants, 898 
Salivary sclen, 296, 101, 43 


Salts, as 
eta, in bile, 320; in blood, 495 
‘absorption into blood 
snd trine, 400 
Samuel, effect of cold on rabbits, $92 





Sobiifer, red corpaseles, 
Scharling, on eutanenus <a 


es ‘and rae 


at ee C., Sa of Blood, 


Sob mary 
nerver, 2485 sifu Pe cr 
Behulteo, Of ivaal parple, 


secration by the skis, 492-800 
Secretion by the kidneys, 006-520 
Seeretion by tho renal’ epithelines, 


Semil 
195, 209-213 








Serum-albumin, 
Setschenow, inhi 
tion, 745 
Sexual generation, 
Sharpes, sounds of the heart, 214 
Bheep’s blood, 35, 183, 429; saliva, 
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Shepard, hippuric acid, 559 

Sighing, 480 

Sight, 632 

Sight, protective mechanisms of the 
eye, 697 

Singing, 346-848 

‘Sinituen, on trophic nerves, 596 

Sinus, venosus, 285, 879; of Valsalva, 
105; wircularis iridis, 624 

Size, appreciation of, 693 

Sine of (he body; phases of life, 892 

Sicatol, 966 

Skeletal museloy, 61, 63, 755, 853 

Skeleton, growth of the, 898 

Bkin, 18: anstomy of, 483: absorption 
by’ the, 501; secretion by the, 493- 
500 

Skin, lors of heat from the, 584 

Skin, terminal organs of the, 486, 732 

Bleep, 901 

Smell, 720 

Sneering, 481 

Boaps, 944 

Bobbing, 480 

Bolidity, jadgment of, 694 

Boltmana, cerebral areas in the newly 
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Btereosco 
Stimulati 
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Strogenow, oxygen in the in 
een ane ee 
Uavapaescekceaona for measuring 


serbia wettest fons 275, 276, 745, 


Babbotia, tt of man snd the dog, 

540; the seeretion of mill, SAS 

Sublingual saliva, 301 

Subusasilan f)and, seretion of sale 
i, 


(dia 
“ 337} of dog, $56, on 
Submaxitlary saliva, 201 
Subiculam cornu Ammonis, 177 
Substantia ecient ™ 
Buceipic acid, % 
Sacous enter by Ha; Me 
Sugar, conversion of stars into, by 
N-302; action of gas- 
trie Juice’ om, 306; digestion’ of, 
879; in small intestine 7) 
in urine, 533; in’ the hepatic | 
ood, S288 = the blood and 


Suppression of urine, 520 
Sustowa, Iympl-hearte of tha frog, 
705 


Buspentory ligament, 624, 631 
Swallowing, 371, 3% 

Sweat. Pefopiralon: ) 
Sympathetic action, raso-motor, 262 
Byntonin, 223 

Systolo of heart, duration of, 204 


Tactile Judgments, 725 
‘Toetile perceptions, 735-737 
‘Tactile sensations, T32, 761, 805 
Tombour, Marey's, for fad 
blood-presnure (diagrans), 200, 
a0 


annie ack, setion on od corpus. 


Tarebanof,, on the apleen, 550 

‘Tartur emetic, effects of, 379; action 
om heart, 235 

‘Taste, 723, 727 ; ads, 125 

Taurin, 959 

‘Taurocbolio acid, 965 

Tears, 697 

Tevth, action in mastication, 364 

‘Tegmentum, 773 

Teaperatnry, ita induence on muvee: 

Jar irritability cillary ae 

fem, 1495 on th alivay 2001 om 

the gastric juice, 311 
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Tetanie contractions, T4 
‘Fotaoa TA-78, rd 112, 124; sound 


in, 21 
nan puters 100 


Thoracie respiratory snoverunts, 4185 

tifect of on circufation, 462 . 

Thudichum, on pigments in urine, 508 
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Bisa sitet a2 
ewer 


~ meveat, propertics of, 191~ 


ues of chemical action and their 
mechanisms, 289-01 ; 


293-401) respiration, 
‘Tirtuos of juction, 857 
Tiesues, 
446 
‘Tissues, the death of, 006 
“Tone of arteries, 255 
‘Tongue, 723; ite action in 
tion and deglatition, 64, 367 
‘Torricellias racunms for extracting gas 
from blood, 425 


a, 
Tracings of reeplratory movements 
200), Moed-roseare Garten aad 
trathoracle pressure, 466, {See Diss 
grams.) 
Traube'y carves of bbeod 
meeepia wah te th Can 193, 
ives of the 
208, 212, 213 
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Vital phenomena of the ciroulation, 
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in, 920 






‘Vocal cords, 810-842, 844-848 
Voice, the, 842-848 


Voit, changes of air In respiration, | 
422; effects of starvation, 561; nu- | 





trition, 563, 565, 566, 567, 569, 570, 
S77, 519; sleep, 903 

Volkmann, researches on blood-clrou- 
lation, 178, 182, 287; lymph-hearts, 
154 

Vomiting, 376 

Vowel sounds, 848 

Vulpian, vaso-motor action, 275; on 
‘union of motor and senrory nerves, 


61%, 619 ; on conduction of impulses | 


in the spinal cord, 761 


Waldeyer, lymph-bearts, 735 

Walking, 854 

Waller, A., vascular mochanism, 287 

Wasmann, revearobos on digestion, 
401 

Weber, pulte-waves, 
contraction, 144; 0 

667; on tactil 






muscular 
al er 
perceptions, 








Weight of the body: phates of life, 
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Woiske and Wildt, on nutrition, 571 

Wharton’s duct, ‘441 

Whispering, 8: 
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White corpuscles, 82, 40, 50, 51, 55, 
56, 60 

White tubstance of Schwann, 608 

jams, on menstruation, 868 

wv nogradofy, diabeter, 536 

Winking, 697 

Wislicenus, on urea and muscular ex- 
orcine, 577-579 

Wittich, diabetes and digestion, 401, 








rt, seoretion of teare, 697 

berg, researches on respiration, 
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Wororchiloff on reflex actions, 753, 
762 

Wandt, spinal ganglia, 615 


Xanthin, 98, 508, 552, 553, 958 


Yawning, 480 
ot, 629, 668, 674 
theory of color sen- 










renal secretion, 554 
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Zunts, allknlescence of shed blood, 42; 
effect of cold on rabbits, 590; urari 
poisoning, 591 

i Zymogen, 353 




















